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CHAPTER 1. 

PHYSICAL GEOGRAPHY. 

Extent of survey.— Of the coast mountains. — Erroneous notions op. — Parallel ranges. — Number of and geographical 
POSITION. — Northern extension. — Depression across the line op strike at san francisco. — Monte diablo range. — Effect 
of the topography on commercial destiny. — -Absence of navigable rivers. — Flow of the waters. — Outline of topography 
of the state in the south. — Climate independent of other lands. — Effect of mountains. — No distinct winter season. — 
Rainy season. — Fall of rain. — Drought. — Earthquake movements, frequency of. — Elevation of coast range. — Geological 
period of. — Igneous rocks — Different points of elevation.— Depression -of fissures of the strata. — Resemblance of the 
orography to mediterranean Europe. — Paleozoic strata not discovered. — Of the miocene period on the pacific. — Up- 
heaval OP THE SIERRA NEVADA. — PrOBABLE EFFECT UPON THE LEVEL OF THE GREAT BASIN. — ABSENCE OF POLAR DRIFT. — Of THE 
QUATERNARY PERIOD. — Of THE COAST LINE OF CALIFORNIA.. 

The geological examinations in southern California occupied from November 22, 1854, to 
April 5, 1855. The explorations were made in five counties within that period, viz : Santa Cruz, 
Monterey, San Luis Obispo, Santa Barbara, and Los Angeles. In the counties of San Diego, 
San Bernardino, and Tulare, only a few observations were noted. The five above named 
counties occupy almost the whole shore-line of southern California, and embrace within their 
limits the numerous series of parallel ranges of hills, which are erroneously located as one upon 
the maps of the present time, and which are confusedly included under the common name of 
the Coast Kange. 

It would be well if this name were obliterated altogether from the maps and geographies of 
the State. There is no single range of hills which in its whole extent can be termed the Coast 
Eange in these counties. These ranges have, as they travel south, a deviation more easterly 
than the shore-line, and pass into the interior, leaving a fresh chain to occupy a littoral position 
for a few miles further south. The western commencement of these ranges form the headland 
along shore, and give that peculiar indentation of the coast and crescentic shape to the bays 
which is so peculiar to this State. Thus, from Point Pinos, in Monterey, to Point Concepcion, 
in Santa Barbara county, as many as four ranges may be counted, each one being the Coast 
Range at its outset, and gliding, in turn, behind a range which^ further south, outflanks it, 
itself to be displaced, in turn, by its western neighbor. Viewed from the shore^ as in the 
vessels sailing coastwise, these appear one uniform continuous chain, and from this, no doubt, 
has arisen the erroneous term, which, if longer retained, must, from its very comprehensiveness, 
become a source of error and confusion. 

Throughout the majority of the counties as many as three different ranges may be traced, 
running in a direction somewhat parallel to each other, and converging into a focal point in 
latitude 34°. At this point of junction an immense upheaval of primitive rock occupies the 
region, rendering it an uninhabitable and almost impassable district. 

In the vicinity and south of the. Bay of San Francisco, the parallelism of mountain ranges, 
already alluded to, is remarkable. This district, which embraces Contra Costa, Alameda, and 
San Francisco counties, San Jaoquin, Santa Clara, Santa Cruz, and the northern part of 
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16 NUMBER OF PARALLEL RANGES TRANSVERSE DEPRESSION. 

Monterey, is divided into a series of parallel valleys by three well marked hill ranges, running 
southeast from the southern shores of San Pablo and Suisun bays, and from the Grolden Gate. 

The most westerly of these is the Santa Cruz mountains, which, under the name of Monte 
San Bruno and the Presidio hills, form the termination of the promontory on which San Fran- 
cisco city is built. Lows hill at this point, as they pass south they increase an height, until, in 
Santa Cruz and Santa Clara counties, they attain the average altitude of 2,000 feet. A single 
hill in this chain, in San Francisco county, '^ Loma Prieto,'' reaches an altitude above that 
point; but it is in Santa Clara county that these hills attain a continuous and lofty elevation, 
which they preserve for ihe rest of their course south, until at the Pajaro river, near the 
southern border of Santa Clara county, this range abruptly drops down. The total length of 
this chain is about 85 miles, and the general strike is north 70° west ; a greater meridional 
deviation than the chain lying immediately east has, whence it occurs that these two chains 
approach each other, after travelling 70 miles parallel, and close up, by their approximation, 
the Santa Clara valley, dividing it from the narrow valley of San Juan. 

The Santa Cruz range does not terminate, in a geological sense, at the Golden Gate, but is 
found extending itself north of the strait or entrance of the bay, in which the islands of Alcatrez 
and Los Angeles are its representatives, passing northwest along the shore of Marin county and 
dropping down terminates at Bodigo Head. Indeed, all the ranges found south of the bays 
Suisun and San Pablo may be traced northward, forming by their elevation the valleys of 
Napa, Petaluma, and Sonoma, until they terminate at Cape Mendocino. A great depression or 
chasm has been produced across the strike of these ranges, by the exertion of volcanic forces 
acting after they had been elevated ; and in the depressed valley running east and west, thus 
produced, the waters of the ocean have advanced to meet the Sacramento and Joachim rivers, 
which roll down their several valleys from opposite points. 

This great transverse depression of the whole land, from the ocean to the base of the Sierra 
Nevada, along the parallel of 37° 3F north latitude, has assisted in making San Francisco 
what she ever will remain of these extreme western possessions. A similar transverse depres- 
sion, between latitude 41°— 42°, has determined the course of the Klamath, and still further 
north, in Oregon, a third depression is indicated by the Columbia river. Nor are these depres- 
sions confined to the shores of the Pacific east of the Sierra Nevada. Humboldt river pursues 
a course which cannot be said to be a true one, as its course is across the strike of the small 
ranges ; and the Gila river has been adduced, in a later portion of this report, as a remarkable 
example of a river which for many hundred miles pursues its course across the strike of moun- 
tain ranges, forcing its way through canons, and forming a course difficult to the traveller to 
follow. 

From the southern shores of San Pablo and the Straits of Carquinez extends the second 
range of coast mountains. These hills, like the former, are low toward their north extremity, 
in Contra Costa county ; but rising gradually in Alameda county and Santa Clara, attain an 
altitude equal to the Santa Cruz, which they almost join, near the mission San Juan^ in Mon- 
terey county. 

By this approximation of both ranges at the south, an acute angled triangle is formed, whose 
sides are these hills, and the base occupied with the Bay of San Francisco, which, running up 
into, terminates in Santa Clara valley, forming the apex of the triangle. 

East of this second range lies an elevated undulating country, hill and vale, extending fifteen 
to twenty miles, until the Monte Diablo range is reached. This third range, so called from 
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MONTE DIABLO — INFLUENCE OF SURFACE ON COMMERCE. 17 

the prominent hill forming its northern limit, and presenting a beautiful picture to the southern 
shores of Suisun bay — this hill, nearly fifty-five miles inland, can be seen distinctly at sea, 
from its great elevation above the low land (3,800 feet.) From the height to which, by its 
upheaval, the sedimentary strata have been raised, it has impressed the whole district more 
than any other hill range. Though not a continuous range, yet- it has its parallelism well 
defined, and its hills form larger masses than those of the previously described ranges ; it also 
passes southeast, and in its course are found the Santa Ana hills and Pacheco's Peak ; and the 
Gavilan, which is a mighty mass of primitive rock, can be looked upon as nothing but a con- 
tinuation south of the same range. The chain, as stated, is not however a continuous crest, 
and occasionally the whole drops down, or is represented by low hills or a diffused disturbance 
over a great breadth of ground. 

East of the Monte Diablo range lies the valley San Joaquin, beyond which rise the Sierra 
Nevada, the summits glistening with snow, or covered with clouds. Thus in the district 
described we have enumerated, between the ocean and the Sierra, three distinct ranges of 
hills : the Santa Cruz, the Monte Diablo, and the range lying between these two, for which I 
could not ascertain that there was any distinct appellation, and which may be described under 
the term '^ Central'' range — traverse from north to south, producing those deep longitudinal 
valleys of Santa Clara and San Joaquin, whose level is but little above that of the sea, and 
whose only outlet is by the Bay of San Francisco and the Golden Gate. 

This parallelism of hill ranges is repeated through Monterey and Santa Barbara counties, 
producing longitudinal valleys of less area than the foregoing, but resembling it, inasmuch as 
they are cut off from direct access with the ocean, an intervening chain generally preventing 
the exit of the valley streams. On account of the proximity of these ranges to each other, 
there are no large rivers in southern California — there are no navigable streams ; and on ac- 
count of the north and south direction of the chains, there are no rivers which run a course 
from east to west into the ocean ; every stream runs along the strike of the chains, or in the 
valley between two ranges, and rarely is it that, like the Santa Maria, it is able to force its 
way through one of the littoral ranges to reach the Pacific. From the same orographic con- 
formation of California, there are no estuaries on the shores ; a few headlands, the continuation 
of the chains, a few of which have been alluded to, run out into points until they are lost in 
the ocean, constitute the coast features, forming curve lines of shores facing either the north- 
west or southwest, (generally the former,) but which are never aided by a corresponding ridge 
on the opposite shore so as to produce a gulf or an estuary. These ranges of hills cut off the 
interior of the south of California from the coast, and have precluded the formation of gulfs, 
harbors, or deep rivers running up into the land. The south of the State cannot, therefore, 
be a commercial district, and not endowed with auriferous localities equal in value or number 
to the north, it will ever remain an agricultural region, with social habits and political 
feelings very different from the gold bearing counties. Beside the foregoing ranges, the others 
are the Santa Lucia hills, San Kafael and Santa Inez mountains. As full descriptions of these 
are given under their respective titles, it is unnecessary to anticipate. It may be said, how- 
ever, that the more westerly the chains lie, the more the direction varies from the meridian and 
approaches an easterly trend. The Sierras Monica and Susanna, which ought scarcely be 
classed as coast mountains, lie almost due east and west. 

The waters of the northern part of California flow southward ; those in the south, in the 
coast mountains and Tulare valley, flow northward ; and either Monterey bay or San Francisco 
3U 
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18 SHOKE OUTLINES— INDEPENDENT CLIMATE. 

waters receive the rivers of two-thirds of the surface of California. As the ^ mountains run 
north and south, so do the rivers in the same direction, rarely cutting a mountain chain, but 
generally keeping the valley bottom, and in the southern portion never forming a stream navi- 
gable for even a small steamer. This meridional direction of the coast mountains determines 
the shape of the coast line, and it is only necessary to inspect a correct view of the shore line of 
the State to be enabled to say where the coast ridges touch on the shore. The coast line has 
the appearance of a series of semicircles, with their concavities to the sea ; where the extremities 
of two of these connected segments meet, there a mountain range runs out. These shore curva- 
tures disappear south of Santa Barbara, because the Coast Eanges, blending with the Cordil- 
leras, receive a new direction, more north and south, when passing into lower California. The 
Cordilleras of Los Angeles and .San Diego counties are not, geologically, the continuation of the 
Sierra Nevada, but rather a distinct axis, coeval with the literal ranges of the northern counties. 
The coeval representatives of the Sierra Nevada are not reproduced on the northern continent. 
The Andes appear to be in the same line offeree, at least the eastern range of this chain. 

The portion of California visited under this survey presents many features of interest to the 
geographer and physicist, a few of which are possessed in common by the northern portion of 
the State, while the others are chiefly or wholly peculiar. 

The topographical conditions of the State are simple, viz : The Sierra Nevada, determining 
its grand divisions — into a long valley trough lying along its western base, containing the only 
navigable rivers of the State, and between these vallies and the shore a series of hill ranges 
running almost parallel with the coast, commencing in latitude 41°, and terminating in latitude 
34°. Such a disposition of surface on an eastern continent would produce much greater alter- 
nations of climate and temperature in the inland valley or coast hills than occurs in its present 
western position ; or had it been placed further norths would have covered it with extensive 
forests, deep lakes, and noble rivers. 

California is one of those few countries which are uninfluenced either in climate or soil by its 
neighboring Territory. No rivers roll westward into California, carrying the debris and detritus 
of a higher land to the sea level. The basin confoymafcion of the country lying east confines 
its rivers to its own bosom, and the lofty heights of the Sierra Nevada prevent even the winds 
of the Great Basin from passing over. That range shelters California from the dry east wind 
which, in the winter months, would have reduced its temperature considerably, and protects it 
also from the more oppressive overheated air of the summer. The gentler "slopes of the Sierra 
are to the shore, the abrupt sides inland; hence the waters roll in larger channels and with 
greater volume toward the west, and render the whole of the State a paradise of vegetation 
during the first six months of the year. 

Owing to the greater height of the Sierra Nevada in the north, its summits are covered with 
snow many months of the year, the melting of which form the Klamath, the Sacramento, and 
American rivers, with their tributaries, besides a few lakes of large dimensions. In the southern 
half the Sierra drops down 2,000 or 3,000 feet, and in a warmer latitude are capped with snow 
only a few months ; hence the rivers are feeble and dry up in summer, and the lakes partake 
of the nature of lagoons, being shallow, muddy, saline, and fugitive. 

This condition of the water courses is aided by the climate of the south ; there is no such 
thing as a distinct winter. The thermometer rarely goes down to 32°. The average winter 
temperature of the middle of the State (Sacramento) is 40°, produced by the prevalence of the 
northwest wind and the accompanying rain. That of the southern part of the State is 50°, 
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wbich is only produced so long as tlie wind is north. Along shore, from Point Concepcion 
south, where the level plains are sheltered by the mountains from this wind, the winter months 
are a genial, pleasant season, during which vegetation is growing rapidly, and the only dis- 
tinctions of the year are a wet and a dry season. During the rainy season, ploughing, planting, 
and all the operations of spring, are carried on. The whole of the rain of this period, not falling 
at once, but at intervals, like '' the former and the latter rain'' of Judea^ allow of the opera- 
tions of the field being carried on with advantage during the interval of the rain fall. 

The annual fall of rain in the central counties is about twenty inches. In the south 
it ranges from ten to twelve inches ; as this quantity does not suffice to keep rivers running 
throughout the year, or to soak the soil thoroughly with moisture, irrigation is necessary during 
the early summer months. In the later periods of the year everything languishes for drought, 
and the valleys which blossomed like the rose in March and April with every wild flower, rare, 
beautiful^ or fragrant, becomes, from July till October, brown, parched, fissured, and the abode 
of the grasshopper and the reptile. During October, sooner or later with the latitude, comes 
the first rain, and vegetable nature starts again into life and variety. 

The coast mountains have some lofty peaks in their course north of San Francisco, but the 
chains are short and ill defined. South of that city, or from latitude 38"^, they extend south 
through 4P of latitude until the eastern ranges become blended with the Sierra Nevada, and the 
vv^estern ones run out along shore, and reappear in the islands Santa Eosa, San Miguel, Cle- 
mente, Anacapa, with the minor islets. As many as four chains of the range run for some 
miles parallel, and, being remarkably continuous, they have but few breaks or passes ; so that 
they form a perfect barrier, allowing iione of the inland waters (save one, the Santa Maria) to 
escape by any other outlet than the northern termination of the ranges. Hence it is that San 
Francisco bay becomes the receptacle of so much of the river waters of the south. These chains, 
however, contain no such high mountains as the northern ones, and but two such elevations, as 
Mount Eipley, which is 7,500, or Mount Hood, 8,000. These are" San Emilio, which approaches 
9,000 feet, and the high mountain west of it, in the Santa Lucia hills, which is almost 10,000 
feet high. 

Southern California is remarkably subject to earthquakes. In the counties of Santa Barbara, 
Los Angeles, and San Diego, they are felt several times in the year ; within the last six years 
the ascertained number felt amounted to fifty-nine, or more than nine shocks a year. There 
is thus convincing evidence that plutonic forces are not quiescent there ; other proofs, however, 
exist in the but recently extinguished fires of the northern volcanoes^ and the still open fissures 
in the southern chain, whence steam acid vapors, and even flame, yet occasionally escape. 
These forces, still in activity, have elevated the Cortes rocks, in 1853, as the result of a sub- 
marine volcanic action, whose total eff*ect has been to elevate the coast mountains to their 
present level. Such an upheaval is never produced by a single efi'ort, but by several successive 
elevatory actions, with long intervals of rest between, during which the incumbent but com- 
paratively shallow waters flowed over the surface with a gentle current motion, and formed the 
deposits of sand and gravel, and produced the ancient terraced flats so numerous over the 
whole State. 

The elevation of the Coast Kange above the water level was an event much later in time than 
that of the Sierra Nevada. During the Eocene period the latter range must have had its crest 
considerably above^ water, and was uplifted, finally, after the Miocene period ; but it is probable 
that during the whole of the Miocene period the Coast Eange was altogether beneath the sea 
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level* Anterior to the Quaternary period, the erupted rock tilted up their strata, whichj 
perhaps, did not reach the level of the ocean surface, and upon these smoothed edges were 
deposited the unconsolidated clays and local drift. They had not, however, fully appeared 
ahove the surface of the ocean until the close of the Quaternary period. The elevated sea 
beaches found distributed over so large an extent of country, from north to south, at a level of 
from 100 to 150 feet above the sea, and containing species, all of which are now existing, show 
how comparatively recent is the final elevation of the lower lands of the State, and places the 
period of elevation of this range in the early portion of the Quaternary epoch. The plutonic 
rocks of the coast hills also attest the comparative newness of the land; pumice, obsidian, 
felspathic lava, trachyte, amygdaloidal greenstone, and serpentine. Yolcanic rocks of the 
latest kind are those which are commonly distributed both in the form of axes and veins, or 
seams. Granite is also found, though not so extensive as a disturbing agent or an elevator of 
a mountain ridge. When found in place it is an older rock than those previously mentioned, 
being cut through and injected by them in many places; but the granite in the coast mountains 
is a modern granite, being either highly felspathic, passing into leucite, and even trachyte in 
many places, or it is hornblendic, and passes into a hornblende porphyry ; micaceous granite is 
very sparingly distributed in southern California. The elevation of the Coast Eange must have 
taken place from two points, one in the north and one in the south ; the latter force commencing 
in the southern part of San Luis Obispo and the eastern of Santa Barbara counties, and thence 
extending north ; as the upheaving force passed northward, its power became spent, and unable 
to lift the imposed strata ; a similar action from the north, acting in a southerly direction with 
less vigor, produced an uplift, whose action ceased between latitude 37° and 38°. So that while 
the consolidated crust of the State was uplifted at each end, it was quiescent, or nearly so, in 
the middle ; and the two forces acting against each other may have produced a rupture of the 
superficial strata, and even a depression of the surface below the sea level, in which the waters 
of San Pablo, Suisun, and San Francisco, have taken their resting place. 

Depressions of the strata and fissures from east to west across the line of the mountain ranges 
are common along the Pacific, north of this point, latitude 38°, and extend inland even east of 
the Sierra Nevada. In the course of these depressions rivers run. The Klamath and the 
Columbia are examples ; which rivers might possibly never have emptied their waters into the 
Pacific, but for this fracturing effect produced by opposing volcanic forces. 

The upheaval of the Coast Kanges have brought to view only tertiary strata of the Miocene 
group and beds of clay of the Quaternary period. These beds are thicker and more extensively 
distributed in a connected series than anywhere else (known) on. this continent. In this respect 
they rival or even excel the strata on the shores of the Mediterranean. It is interesting to 
trace the resemblance of form and outline of hills produced by similarity of geological circum- 
stances, whether of formation or upheaval. Many of the scenes of California resemble those on 
the shores of northern G-reece, Eoumelia, northern Syria, and the Calabrian peninsula. 

The strata known as '^palaeozoic," have not been found in the southern section of the State. 
It would be hazarding, perhaps, too much to say that they do not exist, although some cir- 
cumstances might warrant it. The tertiary conglomerate has been found, in very many 
instances, within a few yards of the granite, and occasionally in actual contact. Those rocks, 
which are fossiliferous, are tertiary in character. There were but two varieties of rock found, 
perhaps, not of that age ^primary and metamorphic limestone and gneiss ; the former was found 
along the Sierra Nevada and the Cordilleras, which extend south into Mexico, and it was 
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almost a marble, or it was found in the valleys near San Francisco bay, in contact with trap 
and serpentine. With regard to the gneiss, the writer is not inclined to class it with sedi- 
mentary strata. 

This absence of pala30zoic,or secondary rock, holds true only of California, south of parallel 
37°; north of that line a secondary limestone, probably, does exist in the interior and littoral 
counties. 

The elevation of the Coast Eanges has disclosed a series of middle tertiary beds, above 2,000 
feet in thickness^ possessing fossils in great abundance, some of the species of which are 
altogether new, and almost all of them new to the tertiaries of this continent, differing in 
their fauna from what are esteemed coeval beds on the Atlantic slope ; showing that conditions 
of difference in the waters of both oceans of those periods existed then, though, perhaps, not so 
marked as now. This itself is remarkable, since at that period of the history of this continent, 
(L e., anterior to the elevation of California,) the Pacific ocean must have stretched inland over 
the Great Basin and Desert, and washed the base of the Wahsatch, or even of the Kocky 
mountains. The Sierra Nevada then existed as an island, or a series of islands ; and the Pacific 
thus approaching 400 miles nearer to the Atlantic, which itself spread over the surface of the 
eastern Atlantic States, both oceans must have been nearer to each other, and had their con- 
ditions more alike. Yet they must have been sufficiently unlike to produce different varieties 
of a like species. 

The upheaval of so continuous and lofty a chain as the Sierra Nevada could not have been 
accomplished without an elevation of the superficial crust upon the east as well as the 
west side. If, by that elevation, Tulare valley was cut off from its original connection with 
the country round the head of the Gulf of California, and so upraised as to slope to the Sacra- 
mento valley, it is not unreasonable to suppose that that action of elevation was propagated to 
the Great Basin, and that it was also gently lifted out of the waters of the deep. But the 
mode of elevation of the Great Basin is much more complicated : in Salt Lake valley it is 
above 4,000 feet over sea level, and on parallel 32° it is at that level, or only a few feet above ; 
and thence north into Utah it rises by steppes, not by mountain chains, until it attains the 
upper level, each plateau forming a basin for its own waters. In travelling west, across these 
upper plateaus, the Sierra Nevada is not the lofty mountains as known in California, on account 
of the basin level being so much above that of the Sacramento valley. Several thousand feet of 
altitude are lost to the mountains when viewed from the basin. Something like this occurs in 
the steppes of Thibet and Tartary, where, travelling south, the Himalaya mountains are apt to 
be under estimated, because the plateau of the steppe country is so elevated ; but, on crossing 
these mountains into India, the traveller descends several thousand feet^ and attains a much 
lower level of land on the Hindostan side. So it happens in travelling through any of the 
northern passes of California, at Noble's or Carson's passes, the ascent is comparatively small 
until the summit is reached, when the descent, is more sudden and much greater until the 
valley is descended. 

Inasmuch as the elevation of the Sierra in the north of California and that of the Cascade 
mountains of Oregon is much greater than that of the southern portion of the Sierra, it might 
be supposed that the elevation of the contiguous crust would be in proportion. That if the eleva- 
tion of the Sierra up to 7,000 feet was sufficient to lift the Colorado desert up to the sea level- 
as it now stands— then an elevation of the same Sierra to the north to an altitude of 12,000, or 
even 17,000 feet, might suffice to raise the Great Basin to the level of Salt Lake valley. The ele- 
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22 ABSENCE OF POLAR DRIFT QUATERNARY CONDITIONS. 

vation of the northern Sierra is certainly sufficient to produce such an uplift , were its lateral 
force produced so far eastward. On parallel 32° the influence of the Sierra can be traced 100 
miles east; further north^ where it is more than twice as high, its lateral influence should 
augment in a corresponding ratio. Be this as it may, it is certain that, at a remote period 
(geologically) the basin country was receiving palasozoic deposits, both aluminous and calca- 
reous, which were not made in waters of great depth, or far removed from the main continent. 
Perhaps the northern plateaus of the basin may have been more elevated than the southern, 
even before the upheaval of the Sierra. At present there is no good evidence to prove that the 
southern portions of California were circumstanced so as to receive any of the mud or siliceous 
deposits of the palasozoic age. 

There are no phenomena in California referable to the period of the polar drift or ancient 
alluvium, when the transport of those large blocks or boulders occurred. This phenomenon, 
so well marked on the Atlantic coast of this continent, from the polar regions down to latitude 
40°, by the carriage of the large masses of rock from distances more or less apart, without much 
regard to the intervening level, and across opposing bodies of water, but always from north to 
south, is totally absent in California from parallel 37° southwards. The prodigious force which 
was exerted to produce these phenomena, which could transport huge erratic blocks of stone 
from Newfoundland to Ireland, from the Shetland isles to Norway, from Sweden to Livonia and 
Prussia, from Canada to New York, and from northern New York to Long Island ; this force, 
whatever it may have been^ whether of ice of glaciers^ or of current water, or of both, was not 
exerted. Over the extensive plains east of the Sierra Nevada, in Tulare valley, in the pleasant 
little oak valleys of the Coast Eanges, or on the terrace plains of the shore, not a single boulder 
is to be met with — not a stone from which the plough might turn aside. 

This period of ancient erratic transport, the most ancient of the Quaternary or Supra-Tertiary 
epoch, known by the three phenomena of distant transport, northerly direction, and grooving 
and polishing of rocks, in latitudes north of 39° north, was apparently one of quiet in this 
State. Yet the mountain chains were elevated throughout the State at this period. The 
topography almost the same as at present, save that the whole plain country was below the 
water level ; there were, therefore, elevated ranges from which the counties along the coast 
might have had scattered over their surface these blocks ; but the Sierra Nevada has contributed 
no boulders upon these plains, nor is there any stone included in the terraces which may 
not be classed as belonging to those ranges immediately bounding the deposit. 

Not that the whole Quaternary epoch was passed without producing its eff'ects : denudation 
on an extensive scale, lacustrine deposits, immense deposits of clay, sands, and gravels, attest 
the long periods alike of action and of repose which characterize the later Quaternary period, 
when the effects were more local, and every valley and plain had its beds of gravel and clay 
formed from its mountain margins. 

We have already adverted to the singular shore conformation, without an estuary or deep 
river indentation, consequent on the peculiar direction of the mountain chains. In connection 
with this, we may notice Mr. Dana's valuable reflections on the connection between deep shore 
indentations and the deposit of erratic blocks. He remarks of the former, that these deep gulfs 
or fiords are common in the higher latitudes, while they are wholly absent from the coasts of 
lower, temperate, and torrid zones. ^^Along the west coast of America they abound to the 
north above 48°, and to the south, in Lower Patagonia and Terra del Fuego, south of 48°, 
there are similar passages intersecting the land, and often cutting it into islands ; but between 
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these limits the coast has few bays, and fewer still of these channel-like indentations. On the 
eastern coast of the continent we observe the same general fact. To the north of the equator 
the coast is singularly even in its outline, until we reach Maine, north of latitude 43°, where, as 
may be seen on a good map, fiords become very numerous, and deep and complex in their long 
windings and ramifications. The same remarks will apply to the eastern continent. The 
fiords of Norway are well known, and this coast is a singular contrast to that of France, Spain, 
and Africa.''* 

The intimate relation between these fiords and the deposit of boulderslhas been observed by 
several geological writers, who have considered their formation as a part of the history of the 
drift period, having been formed by the grinding, polishing, and grooving action of the immense 
amount of broken rock carried down into the lower depths of the then existing seas. The rocks 
in the neighborhood of the Scandinavian fiords are worn off, polished, and scratched, effects 
which may be traced down even below the level of the sea ; it is in the softer rocks that the 
deepest excavations occur. The lines of grooving are in the same direction with the fiords, and 
as these deep channels could not have been worn by the modern alluvia^ or by existing forces, 
and as they have been produced since the tertiary era, the evidence of their production during the 
boulder period is pretty satisfactory. The absence of these two features— drift deposit and 
fiords— in the State of California, is an interesting illustration of the connection between 
geography and geology. 

» Geology U. S. Expl. Exp., p. 676. 
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CHAPTER II. 

eHOLOGY OF THE COAST RANSES. 

Two DIFFERENT AXES IN. — OCCASIONAL BLENDING OF VOLCANIC ROCKS. — PREVALENCE OF FELSPATHIC ROCKS. — Age OF THE GRANITES — 

Different strike op granitic and volcanic rocks. — Uniformity op elevation and deposit. — Climatic condition of the 

MIOCENE period. — MODE OF ELEVATION OF THE COAST RANGE. — GROUPING OP THE RANGES. — ENUMERATION OF THE RANGES, THEIR 
direction AND AXIAL ROCK. — EXTENSION OP THE RANGES SOUTH INTO THE SEA. — REAPPEARANCE IN THE CHANNEL ISLANDS. — 

Examination OF the coast soundings. — Connexion of the fossils of the various strata with each other. — Dissimilarity 

TO EUROPEAN TERTIARIES OF THE MIOCENE AGE NOT NECESSARILY COEVAL IN DISTANT OCEANS. — RELATION IN FAUNA OF THE SEVERAL 
beds op SOUTHERN CALIFORNIA. — EVIDENCES OP MARINE LIFE AND DEPOSITS. — DIFFICULTY OP REDUCING THEM TO ANALOGOUS ATLANTIC 
SHORE] DEPOSITS. — SLIGHT OR DOUBTFUL DEVELOPMENT OF PALEOZOIC BEDS SOUTH OP 3*7° NORTH LATITUDE. 

Oe these mountain ranges it maj be remarked that the igneous rocks which form their axes 
are of two kinds, the granitic and the trachytic. These two species, although quite distinct 
in the mode of aggregation of the mineral constituents when taken in their extreme types, yet, 
when they approach each other, not merely in topographical proximity, hut also in geo- 
logical age, they merge these separate differences. This has been frequently observed in the 
survey. Epidote and serpentine have been found in the granites, and in the trappean rocks of 
Monterey and San Luis counties. In Los Angeles county, along the Sierra Monica, 
amygdaloidal trachyte, and red felspar porphyry, have been seen to merge into each other, 
and the latter change into a granitoid rock. In the San Jose mountains, San Luis Obispo 
county, this last change has been frequently observed ; and in the San Emilio mountain it 
has been at times difficult to say whether the rock was a granite or a trachyte, the charac- 
teristics of either became so indistinct. 

It may be remarked that, of the two classes of volcanic rock which correspond to the miocene 
period, that which has the felspathic type, as trachyte, trachytic porphyry, phonolite, obsidian, 
pumice, trachytic conglomerate, &c., is most commonly met in the coast mountains, or west of 
the Sierra Nevada; while the pyroxenic type, as basalt, dolerite, scoriaceous lava, &c., is 
not observed extensively distributed west, bufc eastward, as in the Mojave valley, and still 
more markedly east of the Colorado river it is very abundant. 

The age of the granites of the Sierra Nevada and the Cordilleras in parallels 32"^— 34° is 
anterior to the eocene deposits, and posterior to the later palaeozoic ; the age of the Coast Kanges 
is posterior to the miocene.'^ Erupted, finally uplifted, at a comparatively late period in the 
history of our planet, it might be expected that the lines of direction of the forces of both ranges 
would be somewhat similar ; they so far correspond as to have a common direction north and 

* The writer desires that his ideas on the antiquity of California igneous rocks may not be misunderstood. The age of an 
axial rock combines the idea of its first upheave through the hardened crust, and, to some extent, the period of its dppearance 
above water, though not necessarily the latter idea. The Coast Ranges were upheaved and uplifted above water posterior to 
the miocene deposit ; but the Sierra Nevada were upheaved some thousand feet through the crust anterior to the eocene ; the 
crested summit was, in all probability, from 1 ,000 to 2,000 feet abov? water during the miocene, and its final uplift was in all 
probability subsequent to the quaternary deposits on its slopes — both those of San Bernardino plains, and those of the Mojave 
valley. 

T. A. 
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soutli. In the entire State there is no chain of mountains which runs east and west ; but while 
the Sierra Nevada, in its southern portion, runs almost north and south^ the chains of the Coast 
Eange, in their south course, have an easterly trend of not less than 45°. On account of this 
deviation from the meridian course of the Sierra Nevada^ the two mountain ranges appear to 
merge into each other about latitude 34° 30^ 

It may be remarked of the Coast Eanges that the granitic chains lie more in the meridian 
than the volcanic chains, and where a granitic axis and an intrusion of pyroxenic rock, or of 
serpentine, trap, and amygdaloid occurs, then the latter, having a greater trend to the southeast, 
cuts across the granitic ridge. Hence it is that most of the valleys are triangular in shape ; 
that they are of less size in the southern counties than in the north*; and that they all appa- 
rently converge in the northern part of Los Angeles county. The serpentine and amygdaloid 
prevail as axial rocks in San Luis Obispo and Los Angeles counties, and give the direction to 
the chains. 

The conditions of deposit of the various strata flanking the mountain ranges of California are 
remarkably uniform over large areas. Volcanic rocks pursue a course unusually constant in 
direction for hundreds of miles, and their mineral character differs but little throughout. The 
subterranean forces to which the country between latitude 37° and 32° was subjected, were, if 
not powerful to produce lofty chains, at least sufficiently prolonged to extend over 500 miles 
from north to south, without much loss of energy. All of these phenomena taking place while, 
as yet, the whole was a deep sea bottom, whose shore was several degrees to the east. 

All the observed sedimentary rocks were of the post cretaceous period, so that this portion of 
the United States, while it is one which has emerged most recently from below the level of the 
sea to a height several thousand feet above it, is also interesting from the thickness of the 
tertiary deposits, rivalling those of Mediterranean Europe, and exceeding anything of the kind 
on the Atlantic shores. Nor is it the mere thickness of the deposit — the time of deposition 
unusually prolonged^ as it must have been, since it bears the mark of a quiet deposit every- 
where — which is alone interesting, but it is the variety and abundance of aquatic life which 
these beds have disclosed ; species and varieties in endless profusion tenanted these waters, from 
the molluscs of mammoth form, as the ostrea of the Panza and Santa Margarita valley, to the 
foraminifera, whose tiny shells require the aid of the lens to recognize them. 

The great distance apart at which these similar fossils are found indicate that the climate, 
and other conditions, as depth and temperature of the waters, must have been pretty much 
alike over the whole of the south of California; thus the polythalamous shells have been found 
at the town of Monterey, on the shore near Santa Barbara, and on the plains of Los Angeles, 
involving distances 300 miles apart. Considerations founded on the zoological characters of 
the molluscs of the Miocene period of Europe, have led to the belief that the temperature of 
that epoch approached very much to that of Spain and Italy at the present time, or a mean 
temperature about 66° Fahrenheit. As that temperature is almost the exact figure for a great 
portion of the area observed, it follows that there is little, if any, difference between the climate 
of the Miocene of Europe and the present period in those places ; and since the drift of California 
is local, and not general, and there are no traces on the surface of rocks exposed, of scratching 
or grooving, no moraines, no polished rocks, (roches moutonnees,) no traces of glacier action, 
perhaps it may be asserted with safety that the climate and temperature of this region, from 
the Miocene period to the present time, has^preserved a constancy and equality which latitudes 
more polar than 40° never possessed. 
4U 
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It is remarkable of the tertiary beds of tbe Coast Eange tbat they all belong to the middle 
group, or to what is known as Miocene beds in Europe, and that no Eocene beds have been 
discovered in this survey. The fossils found in these beds approach, in some respect, the 
Atlantic Miocene beds in Virginia, and bear a remote resemblance, indeed, to the European 
beds of analogous position. Like the European strata of the Miocene period, these beds are 
destitute of vegetation, there being but feeble remains of sea-weed in the sandstones of Santa 
Barbara, and but one evidence of land vegetation in the remains of f&ssil exogenous wood, found 
in a boulder derived from the blue calcareous bed of the Sierra Monica group, the uppermost 
series of the whole. Such slight evidence of the existence of dry land, to any extent, appears 
to warrant the statement already advanced, namely, that during this period of geological history 
this portion of California was separated from the main continent by a wide ocean, occupying 
the region between the Sierra Nevada and the mountains near the Eio Grande. They must 
have existed as mere oceanic islands, whose vegetation, if any, was drifted away from where it 
grew. The Miocene group, wherever observed, appears to prove that there was less land above 
water then than at the period preceding (Eocene) or succeeding (Pliocene,) and the chief bulk 
of the vegetation is of that character which indicates a moist and warm climate. 

Such a climate must have reacted sensibly upon the fauna of the period, and to this^ perhaps, 
more than to any other cause, would be due the different forms of mollusc life which distinguish 
the Californian beds from any others yet known. The Virginian beds are its nearest represen- 
tatives, but the latter were deposited in waters under latitude 37°, a difference of four degrees 
on the western side of the continent, not involving, certainly, much variation of parallel, but a 
vast diversity of climate, for, in the Miocene period, the Panama isthmus was under water_, and 
the equatorial warm belt of water, flowing across the continent, warmed the western side more 
than it is at present, and by its not forming the Gulf stream, cooled the Virginian Miocene 
waters in a corresponding degree. Thus the difference between the two coasts was not merely 
in latitude, but in temperature. Much greater was the difference between the Californian and 
the European beds ; besides a cooler ocean, the latter also was placed near latitude 47^, or fifteen 
degrees further to the north. 

Deposited in waters removed from a continent by a large interval, the sediments subsided 
slowly and in order, and not having suffered much from subsequent denudation, excepting in 
the present river valleys, these beds have attained a thickness and importance which cause 
them to overshadow the tertiaries elsewhere on this continent, and to be regarded as one of 
the most interesting geological features of our western shores. 

Partly from their lithological character, and partly from the arrangement of their fauna^ the 
Miocenes of the Coast Kange maybe conveniently divided into three subdivisions, the upper, 
middle, and lower beds, whose total thickness exceeds 2,000 feet. 

The absorption of the trappean and trachytic ranges of the coast into the Sierra Nevada, in 
Los Angeles county, previously alluded to, is only apparent, and arises from a false view taken 
of the course of elevation of the ranges. It is usual to trace a mountain range from north to 
south, because the map happens to have its north at top ; it would be erroneous to consider that 
this was the order of upheaval of these chains ; two circumstances would lead to the belief that 
the elevation occurred first in the south, and thence extended northward. The first .of these is, 
that these ranges in the south are all loftier than towards the north or San Francisco, and not 
only the mountain^, but the valleys are on elevated table-land^ from 900 to 2,000 feet in altitude. 
The second is derived from a study of the valley at the foot of the Sierra Nevada, known a 
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Sacramento, San Joachin, and Tulare valleys, all naturally one ; originally elevated in one 
mass without mucli difference of level, it has since then undergone an elevation both at its 
northern and southern ends, raising it several hundred feet upwards at each extreme, and 
throwing the flow of its waters to the middle, where they would have accumulated and formed 
an inland basin sea, had not the same upheaval extended itself to the Coast Ean'ge, and by 
depressing these in the latitude of San Francisco and crushing the fractured edges together, 
left a chink through which the ocean might have found its way inward, and the inland drainage 
outward, whose long continued action at last wore for themselves the wide channels and basins 
of Suisun, San Pablo, and San Francisco. The same upheave which produced this alteration 
of level of Sacramento and Tulare valley, would also have raised each of the valleys to a 
higher level at their southern than at their northern end, and this is found to be uniformly so. 
The Salinas, Estrella, Santa Maria, Santa Clara, and every other valley (Estero excepted) slope 
northwards; even the open plains, such as those of Los Angelos and San Bernardino, are higher 
at the southern than at the northern end. 

These considerations would lead to the belief that the commencement of upheaval and the 
point of divergence was south of latitude 34°. In that vicinity is the loftiest area of any extent 
soath of San Francisco ; and, as eruptive forces are most powerful at or near their commence- 
ment, we must conclude that the final elevating forces initiated in the south and travelled 
northward. Subterranean reactions are now going on with more intensity in the south than 
in the middle or north. Earthquakes are more frequent ; warm springs, acid vapors, and 
bituminous exudations abundant. Indeed, the force is at present actively exerted at sea, 
southwest of the islands off Santa Barbara shore, throwing up immense quantities of bitumen 
in the oleaginous and semi-fluid condition. These islands themselves are the result of such 
forces exerted ; and so far from viewing this portion of California as a sinking continent, it is 
more in accordance with geological facts to consider them as the dawn of a new land, which, 
when fully elevated, will have its mountain ridges and intervening valleys, like those of San 
Luis Obispo and Santa Barbara counties ; its sandstones, argillites and bituminous shales ; its 
lofty terraces and elevated sea beaches, like its predecessors ashore. 

Having dwelt thus much on the character and age of the several ranges known as the Coast 
Mountains, it only remains to notice somewhat in detail their direction or trend. A few of 
these ranges are not continuous, but drop down into high rolling land for a few miles, rising up 
again and pursuing the same direction. This is very common in the granite ranges. Some of 
%e serpentine ranges have their continuity only indicated by an elevated butte, which may be 
connected by the compass with its congener several miles apart. It is probable that at a 
former period these chains were more connected as a whole, and have since suffered from the 
effects of extensive denundations, their detritus forming the local conglomerates. The ranges 
may be enumerated in the order commencing at the east and passing westward — thus the range 
most eastward would be — 

Division 1. — Gtranitic. 
Group 1.— Gavilan, or Monte Diablo range.— This forms the boundary between Tulare valley 
and the coast. It may be traced from the Agua de Paleta, near the Caiiada de las Uvas, to 
the Gavilan Mount, in Monterey county, southeast of the bay. In its course it forms the eastern 
limit of Estero plain, the elevated lands of Carizo and Panza, and the eastern border of the 
Salinas valley. It is a coarse felspathic granite in its northern, and porphyritic in the southern 
terminations. Its general direction, north 45° west. 
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Group 2.— San Emilio, San Jose, Point Pinos. These three series of mountains lie in the 
same direction and have the same mineral character. Very lofty in the south, where they give 
rise to the Santa Maria river ; they form the eastern boundary of its valley, assist in giving 
rise to the west fork of the Salinas from the eastern boundary of Santa Margarita valley. South 
of the mission San Miguel they lie on the west side of the Salinas, where', as the Point Pinos 
mountains, the northern termination occurs at Monterey Bay. The course of the whole chain 
is about north 47° west. Granite, with epidote, adularia, and a serpentine paste intermingled 
with flesh-colored felspar. 

Division 2, — Serpentine and Trachyte. 

Group 3.-" Santa Lucia range, the longest and most elevated chain possessing this mineral 
character, may be traced from the head waters of the San Buenaventura river to Punto Gordo, 
on the coast of Monterey county. Through a great portion of its extent it forms the west 
boundary of the valley of the Santa Maria river, separates Santa Margarita and San Luis 
Obispo valleys, and is lost by running into the ocean further north at Punto Gordo. Direction, 
north 46° west. Serpentine, trap, amygdaloid, trachyte. 

Group 4.— The buttes of San Luis valley, San Eafael hills, near Mission creek ; the Sierra 
at Carpenteria, and the protrusions at Eincon, on Santa Barbara shore, are points all in one 
line, north 48° west. Serpentine, trachytic lava. 

Group 5.— Another series of buttes and low hills, extending from Corral de Piedras, San 
Luis county, by mouth of Arroyo Grande, near Napoma ranche, and the range at the head of 
Guadalupe Largo. Further south, the volcanic rock may be traced into the Saint Inez range, 
above San Marcus, and runs into the sea four miles south of the town of Santa Barbara. Di- 
rection, north 47° west. Trachytic porphyry, amygdaloid, trachyte. 

Group 6.— First seen near Camp 19, then at head of rancho de los Alamos, and at San 
Marcus pass, where it runs towards the pueblo of Santa Barbara. This is one of the least 
clearly marked ranges ; direction, north 4*7° west. Serpentine, trachytic, lava. 

Group 7. — Punto Sal, Kanche Todos Santos, Alamos hills. Camps 21 and 24, on Arroyo 
Hondo, near Ortegas ranche. Direction, north 48° west. Serpentine, talcose clays. 

Group 8.— An indistinct line of force observed west of Sal si Puedes ranche, at mouth of 
Saint Inezjiver, and lying seven miles east of Point Concepcion. 

On the geological map of the State, annexed to this report, these lines of volcanic force are 
indicated by black lines, with the numbers appended. 

It may be aflfirmed truly of the above ranges that they show a diminished intensity of 
elevating power as the list is passed downwards. This is certainly the case with the serpentine 
and trachyte ranges : No. 3 is both the longest and the loftiest, and No. 8 the shortest and the 
lowest. The trachytes abound more in the western and short ranges. Almost all of these 
outpourings of volcanic rock may be traced to the edge of the ocean ; were the lines of force 
prolonged under water in the same direction, it would be found that some of them would pass 
through the islands lying off Santa Barbara shore. Thus 8, if prolonged, would run into 
Santa Cruz island; both 3 and 4 into Catalina; and either 5 or 6 (perhaps both) into San 
Clemente. It no doubt is along some of these lines that the bitumen escapes beneath the 
ocean, both inside and outside of these islands ; and it may not be unreasonable to suppose that 
the activity of these forces led to the elevation of the islands themselves. An examination of 
the soundings which have been made, by orders of the Coast Survey, along the California shores 
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to some extent prove this supposition, although, had they been made with that special object 
in view, the question might be settled. 

The soundings show that, commencing at a point twenty miles west of Point Ooncepcion, and 
sailing in a southeast direction — S. 46° E. — a high ridge of land stretches along the sea bottom 
with deeper waters on each side ; this direction would include in its transit the islands Santa 
Eosa and San Nicolas. Between Santa Eosa and Ooncepcion the crest lies sixty fathoms below 
water's edge ; between Santa Eosa and San Nicolas the crest lies from eighty to sixty fathoms 
deep ; the lead brings up yellow marl, sand^ and mud. Along this line the water deepens in 
places to 100 fathoms, and to others no bottom at 105 fathoms. Santa Cruz is another island 
lying directly east of Santa Eosa ; projecting a line in the same southeast direction, the island 
of San Clemente is covered. This island is an oblong shape, and lies in the direction of this 
projected line, while Santa Cruz is an island lying transversely with two mountain elevations, 
one on either end of the island, which is of a crescentic shape ; the western limb is that which 
is connected with San Clemente by a uniform line of soundings ninety fathoms deep ; the 
eastern limb is connected with a depth from eighty to ninety fathoms. East of this line lies the 
island of Santa Catalina. The waters between San Clemente and San Nicolas deepen consider- 
ably, so that even at 120 fathoms no bottom is reached. Even this happens west of San Clemente, 
showing that the land there has the same peculiarity of some of the Coast Eanges, namely, 
presenting bluff sides to the west, with more elevated valleys eastward; from this it is evident 
that there runs certainly two parallel ridges beneath the sea of Santa Barbara channel, which 
include in their line four of the islands ; and there is little doubt that were a series of soundings 
instituted for the express purpose of determining the exact trend of the submarine ridges, that 
a third ridge would be found still more eastward, which would include the island of Santa 
Catalina. 

To the west of all these ridges, and southwest of San Clemente, lies the Cortez shoal, a few 
years since a submarine volcano with fifty fathoms of water superincumbent ; from this a line 
of sounding carried eastward to San Diego gives a continued average of seventy fathoms water. 
This appears to require a revision of soundings, for nothing short of a continuous coral reef 
could afford such figures ; and while the general conclusion implies an elevated plateau stretch- 
ing under water along the base of the peninsula of California, somewhat like the Los Angeles 
and San Bernardino plains to the northeast, yet it is difficult to understand how a line directly 
west from shore, in such a disturbed region, could give an even line of soundings. 

It is worthy of note that the fossiliferous beds of the country examined are connected together 
by the presence of similar species; so that no one bed in any locality is without possessing at 
least one species common to another. 

Thus the Estrella fossiliferous beds are connected v,dth those of Santa Margarita by Ostrea 
Titan, Gyclas permacra, and Balanus Estrellanus, The latter fossil connects these two beds 
with the upper layers of Santa Inez. The Natica Inezana connects the Santa Inez and the 
Sierra Monica, and the Fecten deserti is common to the latter hills, and those at Carizo above 
Panza. San Eafael is connected to Santa Inez by Fecten Meekii, and by Balanus to the Inez 
Panza, and Margarita fossils. Dosinia is found in the strata below the Panza and Margarita 
fossils, and Area always above them. 

Hinnites appear peculiar to Santa Margarita, Fallium to Estrella, and Fachyderma to Santa 
Inez. 

There is no doubt that, when this interesting region of California shall have been better 
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examined, greater similarities will be observed, and the now partially connected chain may 
be made a series of uniformly interwoven links ; and what an extensively developed series of 
tertiaries will it not prove to be ? — interesting, as well from the novelty of its fauna, as from 
its very great thickness, in which latter particular it rivals any known beds. It appears, from 
the examination of Mr. Conrad, that there is not one Eocene fossil in the whole number ob- 
tained ; and as most of these beds reposed directly on primary or plutonic rock, there is no 
place for Eocene rocks, and it may yet appear that there are no Eocene beds in the southern 
counties of California. The eminent naturalist whose report is annexed classes the whole 
collection as Miocene, and in describing the Santa Inez fossiliferous beds, they have been, with 
some hesitation, likened to the faluns of Touraine. But the writer believes it to be neither safe 
nor useful to classify our tertiary beds synchronously with those of Europe. It must ever be remem- 
bered that tertiary deposits are but local, and cannot, on that very account, be over any extent of 
the globe synchronous. Their periods of formation and duration bear a certain relation of time to 
the strata upon which they lie ; but it is not by any means certain that their periods of forma- 
tion were to any extent cotemporary with congeneric beds in distant continents. 

Almost all the strata are wholly of marine origin; and though not deposited in very deep 
waters, yet few were settled where brackish water could exist. The upper sandstone of the 
Sierra Monica, with its blue calcareous stratum, appears to be the only one which shows an 
estuary action in the minute shells of brackish water which are scattered through the mass, 
and in the fact of the occurrence of a small portion of dicotyledonous wood found included in a 
nodule of the limestone, A few casts of fucus in the brown sandstone of the Gaviote pass are 
the only distinct traces of marine vegetation ; and of the flora of that period, with the above 
exception, not a single trace. The sandstones with lignites, which are found so abundant near 
the Bay of San Francisco, have had no representatives found out by the survey. 

It is easy, in making out the geological relations of a country or district, to fill in the detail, 
and apparently so complete the work that but little would seem to be left desired in the future 
examinations. Does not the history of the science during each year disclose to us the fact, that 
new strata and even new epochs of geological history are discovered in localities where the 
number and frequency of observation would seem to have precluded either error or omission? 
A bed of thin power, perhaps a few feet of thickness, is the only representative of what else- 
where is a few thousand feet in depth. A bed of such attenuated proportions may easily be 
overlooked, and hence it may happen that while, as now in California, tertiary beds are 
declared to exist to the exclusion of the paleeozoic strata, future explorations may expose to 
view all the representatives of our eastern continental slope. Yet this cannot do away or lessen 
the great fact disclosed in this survey, namely, that the tertiary period in California was by 
much the most prolonged, and that in this epoch three distinct periods are well defined : that 
of the deposition of the brown sandstones, with traces of lignite, as in the sandstones of Monte 
Diablo and G-avilan ; the calcareous beds of the valleys, as at Santa Margarita ; and the 
quartzose, bituminous and polythalamous beds of the coast. That these deposits follow each 
other in chronological order is evident, and may have their representatives, to some extent, 
along the Atlantic coast, and those who desire to connect periods of deposit may class the 
Californian tertiaries with those of the southern States ; but as tertiary beds are but local 
deposits, and are produced by similar circumstances acting under similar conditions, it is, 
perhaps, hasty to conclude that the tertiaries of both slopes of the continent are coeval ; there 
is only with certainty implied that the circumstances were similar ; that the conditions and not 
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the times were alike. When the different thicknesses of tertiary beds in different countries are 
considered, from the trifling and imconsolidated beds of Ireland and Sweden, to the extensive 
deposits of the northern shores of the Mediterranean, or the thinner beds of the southern States, 
with the more extensive ones west of the Sierra Nevada, it must be admitted that more time 
was consumed in the formation of the one than. in the other. Both bear evidences of quiet 
deposition, and the rate of deposition might have been the same on both slopes ; yet, as the 
Californian beds are much thicker^ more time was consumed in their formation, and while their 
later beds were being formed, either there was a cessation of deposit on the eastern slope, or the 
Quaternary period had already commenced there. 

Whether pateozoic or silurian be hereafter found in southern California or no, it must, how- 
ever, be admitted that these beds are of slight thickness ; for it would not be easy for beds of 
carboniferous limestone, having the thickness found at the slope of the Organ mountains or on 
the Pinaleno ranges, in New Mexico, to have escaped observation, especially as they were 
sought for, nor could the more powerful Devonian sandstones of Calitro and the Mogollon 
mountains be overlooked ; if such beds are represented in south California, they must have 
thinned out very much as they passed westward ; if they exist at all beneath the Colorado 
desert and lower steppe of the Basin, (the Mojave Basin,) the upheavals have not been suffici- 
ently pronounced to disclose them; but there have been many granitic exposures in south 
California, and not one position where the older stratified beds can be said to be in place and 
unaltered. 
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SANTA CLAEA VALLEY. 
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The Santa Clara^ or, as it is sometimes called, the San Jose valley, is of a triangular shape, 
with its base to the norths where it is intruded upon by the Bay of San Francisco. Its length 
is about thirty miles, when it narrows by the convergence of the two ranges of the Coast 
mountains — -the Monte Diablo and the Santa Cruz mountains. At the south it is closed by the 
Llomas Muertas, a small chain given off from the G-avilan range. Properly describing the 
valley, would be to include the whole Bay of San Francisco as occupying all the lower level, 
and its southern borders would be the hills of Alameda and Contra Costa on the one hand, and 
the rugged peninsular of San Francisco county on the other. These latter, including the 
Monte Bruno^ are chiefly trappean and serpentine rocks, with diallage rock, talcose slates, and 
occasionally masses of hornblende schist, and average from 1,500 to 2,000 feet in height. 

The range on the east side of the valley is the continuation southward of the trappean and 
laval uplifts on the west side of the granite of Monte Diablo, and is more elevated than 
the Santa Cruz range. The sedimentary rocks, uplifted by the plutonic action, are con- 
glomerate grits and sandstones, with a very high dip to the west, and which extend from the 
shores of the Bay of Suisun, the Straits of Carquinez, and the eastern portion of the Bay of 
San Pablo. The sandstones are in places cut through and injected with lava and quartz veins, 
and in places merely hardened and rendered metamorphic. 

The valley bottom is composed of beds of heavy alluvial clay, of considerable depth, which 
repose on the beds of sandstone just adverted to, which, dipping west under the valley, rise 
again on the opposite side of the Santa Cruz mountains. The oak which grows on the plain is 
of a dwarfed character, and only suitable for fire-wood or fencing. But little timber is found on 
the Santa Cruz hills. 

The lowest portions of the valley below the towns of San Jose and Alviso, embracing the 
head of the bay, is a continuous mud flat, which reaches round the east margin of the bay into 
Alameda county. It grows only salt marsh grass and rush in its wet condition, but when 
drained and cultivated, as has been done on the east side of the bay, it is found to be one of the 
most productive of soils. Miles of the bay shore might be enclosed, drained and reclaimed, and 
be made suitable for any crop, for the presence of rush and salt grass is an indication of a soil 
well charged with vegetable matter. 

The subsoil and underlying strata of the valley are well supplied with water. Artesian 
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borings have been made in several places in the valley, near the town of San Jose, with signal 
success, in having reached abundant supplies of good water. In two borings through the 
alluvial clays, to the depths of 80 and 140 feet, the water rose to the height of 20 inches above 
the valley level. These clays are mostly of a yellow color, and in great part derived from the 
degradation of the tertiary sandstones flanking the ranges on each side. The lower* beds are a 
bluish clay, resembling those of Los Angeles valley, although not by any means so deep. At 
120 feet below the surface the sand rock has been reached in the centre of the valley, near the 
town of San Jose. It is not likely that these unconsolidated beds have a much greater thickness 
in any other part of the valley. Through these loose deposits the Oaoti, Guadalupe, and other 
minor streams which water the valley, cut their way, wearing a channel 15 and 20 feet below 
the surface. The bed of the Caoti is filled with pebbles of obsidian, trachyte, and lava, derived 
from the hills on the east. Mixed with these were fragments of chloritic and aluminous slate, 
from the same sources. 

Owing to the rapid travel through this valley, nothing but a slight reconnoissance could be 
made of the nature and disposition of the strata. The sandstones are a continuation of those of 
the Salinas valley and G-avilan, and therefore probably of the same age. These are noticed 
when describing that valley. 

This valley may be called the garden of San Francisco. Located at the extremity of the bay, 
so that the products can be transmitted cheaply to market, it has every advantage which posi- 
tion and climate could confer upon it. Defended by the Santa Cruz mountains from the sea 
shore, it is freed from the abruptly chilling influences of the sea breezes, yet deriving great 
advantages from the vapor wafted over the tops of that range, and which are, to some extent, 
seized upon and appropriated by the higher hills east of the valley. It receives abundant sup- 
plies of water, and enjoys an equable and warm climate, with a good deal of moisture. With 
these essentials of fertility, it adds a soil which partakes of the nature of a sandy loam, and 
appears capable of raising every cereal and useful plant. The orchards and nurseries estab- 
lished here are remarkably productive. That of Mr. Jesse Beard, near the Mission, in the 
original Mission orchard, has a farm of over 150 acres under cultivation besides the orchard, 
which contains, besides several thousand young trees in rows, 1,800 apple trees, 1,000 peach, 
200 cherry, 250 plum, with pear, quince, fig, and grape trees. The peach trees have been 
remarkably productive^ yielding three, four, and even five to a cluster, and some trees bearing 
hundreds of double peaches. The fig trees attain a height approaching fifty feet, and from two 
and a half to five feet in circumference, with the leaves eighteen inches across, and some fruit 
measures eight inches around. The pears hang in clusters or ropes from the branch, bending 
it over, making the tree resemble a willow. The Jullien variety is much cultivated. 

Mr. Lewellan has planted an orchard near Mr. Beard's, which, among other fruit trees, 
contains over 6,000 apple trees, and nearly 9,000 trees of all kinds. The ^^tune" cactus is 
cultivated here, and grows well sixteen to twenty feet high. 

Wheat has commenced to be extensively cultivated in the valley. The ^' California bearded 
wheat'' and the ^^ Chile" are the two varieties, of which the latter appears to grow best, being 
more free from smut. It is a white grain of a good size, and averages forty bushels— running 
up to fifty bushels per acre; but this is esteemed by no means a large crop. In Alameda 
county, Messrs. Hawley & Cornell, of Union City, have estimated their yield of Chile wheat as 
fifty bushels ; Australian wheat, 40 ; barley, 75 ; and oats, 100 bushels per acre. 
5U 
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In connexion with the Santa Clara valley may be described the quicksilver mines of New 
Almaden, a village situated among the lower hills of the Santa Cruz mountains, about twelve 
miles southwest from the town of San Jose. To reach the mine a road leads from the valley, 
entering a chain of low sandstone hills which form the edge of the Basin valley, behind and 
above which the town and mine is situated ; the '^ hacienda,'' or works with the furnaces, are 
near the town, which is about 400 feet above the valley — 950 feet above the hacienda is the 
mine. The mountain mass in which the latter lies is of serpentine with chloritic and talcose 
slates. Seams of limestone occur intercalated in threads, and masses of metamorphic limestone, 
twelve feet thick, occur on the ascent, before the serpentine is reached; the limestone is whitish, 
semicrystalline, and without fossils. The trend is northwest and southeast, which is also the 
direction of the metalliferous veins, (if this term be appropriate ;) the dip is variable in inclina- 
tion, but always to the east. The ascent to the mine is by a steep winding road 6,000 feet long. 
The mine is of comparatively old date, having been worked by the Spanish and Mexican 
settlers, and opened originally by them. Traditions are current of the Columbia river Indians 
having wrought there. Stone hammers and chisels of basalt, and aboriginal skeletons^ have 
been taken from the openings made in the early diggings, which lie 100 feet above the scene of 
present operations. Doubtless the old site was pitched upon, as the ore crops out in its imme- 
diate proximity. 

The entrance to the present mine is by a long tunnel, about eight feet wide — the width of the 
vein ; this is cut in the serpentine and talc slate, which is here intruded on and altered by trap. 
The talc slate is the most abundant rock, but the serpentine and trap are associated with it in 
the mine. The water which percolates through the roof and sides of the tunnel deposites car- 
bonate of magnesia in amorphous white incrustations on its floor. The tunnels extend several 
hundred yards into the hill and then diverge in nine different directions, as the ore is found in 
pockets in the vein, and not in a continuous or regular seam, hence the working turns some- 
times suddenly round and upwards, so, as to run in another exploration. On the sides of the 
adit the cinnabar may be seen intermingled in the trap and serpentine, and some decayed por- 
tions of this rock removed yield 10 per cent, of ore. The diffusion is in the serpentine rock, 
the trap is the metalliferous vein rock — the average yield of which is 20 per cent. When a 
pocket, however, is tapped, the ore is considerably purer, running up to 80 per cent., and an 
average of the whole yield of the mine would be 50 per cent. — the extremes being from 25 to 72 
per cent. One hundred tons are removed weekly by the miners, who are native Californians 
and Indians. It is removed in trucks running on a tramway along the tunnel from the (gallery 
to the sorting yard. The sorting is performed in the usual way by the hammer. Women as 
well as men being employed, the latter chiefly carrying the sorted ore into heaps and packing 
the mules with baskets of sorted ore to be carried down to the hacienda. On account of the 
steep descent, the sure-footed mule is preferred to the horse, and a load of 70 or 80 pounds is 
placed in each basket, on either side of the beast^ which constitutes its ordinary burden. The 
delivery of the ore might be accomplished more effectually by taking advantage of the descent, 
and employing one or more ^^ chutes'' instead of quadrupeds or sometimes Indians^ as formerly 
occurred ; a wagon and horse has been recently introduced. 

The gangue stone associated with the cinnabar is quartz, forming geodic- cavities ; sulphate 
of barytes occurs crystalized in some seams — the sulphuret is found in masses, toward which 
the quartz veins lead ; thus the thin and thready part of the vein may be found filled with 
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quartz, while, as it widens, the sulphuret is found to take its place, and that, most frequently, 
suddenly, and not by gradual substitution ; external to the quartz vein is a layer of oxide iron 
(limonite) into which the sulphuret sends cross filaments- the limonite bounds the quartz vein 
on both sides, which latter presents the appearance of a succession of deposits out of a siliceous 
solution into which the cinnabar was carried, and, by its superior density, supplanted the silica 
in the even line of deposit. 

The trend of the small range in which the cinnabar vein is located is N. E. and S. W., and 
the slate rock and serpentine have a westerly dip. Felspathic trap cuts through this, and is 
accompanied by quartz, and the mineral accompanies the quartz and the trap. The vein is 
vertical, or nearly so, and is about eight feet wide at the level of the adit. Crystals of cinna- 
bar were not observed while examining the ore in place, nor could it be ascertained that metallic 
mercury was found associated with the sulphuret. 

The furnaces at the hacienda are 13 in number. The retorts are of brick, about 5 feet long 
and 12 inches diameter in the clear ; at the further extremities three flues connect with iron 
stove-pipe chimneys, leading to a spacious cool chamber, and are cooled by water playing on 
their outsides, so as to condense the volatilized mercury. 

The duration of the charge in the retort is six hours, and the fuel used is the wood from the 
mountain. Under the strong heat the ore, sulphuret of mercury, is first volatilized and then 
decomposed, the sulphur passing off and the mercury retained by the cooling of-the flues which 
lead to the receiving chamber. It is obvious to any one acquainted with metallurgic operations 
that some of the mercury is lost by this process ; this, in fact, occurs to a large extent, pro- 
ducing waste of ore and ill health among the furnace men, with whom salivation is no uncommon 
occurrence, followed by tremblings and occasionally total paralysis, and in one noted instance 
by insanity. On account of its unhealthiness, the men are allowed to work only two weeks 
connectedly at the furnaces, during which time they receive double pay. On the other hand, 
the miners are a healthy class, never being compelled to drop work from any effect of mercurial 
poison, so that the sickness of the furnace men is due to the escape of mercury from waste in 
conducting the processes. The present mode of sublimation by heat alone is adopted from sup- 
posed motives of economy, but it is a matter of little doubt that more is lost than gained by 
that method of saving. 

Under the former management of the works iron retorts were used, and lime used along with 
the cinnabar to reduce it, by which an economy of fuel was obtained, as the sulphur is separated, 
from the mercury at a lower temperature in the presence of the lime ; but, since the hacienda has 
come under the control of Mr. Halleck, of San Francisco, clay retorts have been substituted for 
iron, as the latter were found to be much corroded by the sulphur escaping, and the use of lime 
omitted altogether, thus entailing a much higher heat, and, as wood is not plentiful, an increased 
expense. Mr. Halleck thinks that, owing to the difiiculty about obtaining and repairing iron 
works there, that the balance is in favor of clay retorts and excessive heat, as the use of lime 
is prohibited in clay vessels on account of its fluxing the retorts ; the whole of the cinnabar is 
, never reduced by heat alone, and owing to the high temperature, both the vapor of metallic 
mercury and some of the sulphuret escape decomposition, are volatilized, and pervading the 
atmosphere of the works produce the usual symptoms of poisoning by mercury, as salivation, 
paralytic tremblings, and disease of the brain, terminating in insanity, which symptoms are 
only exhibited in the hacienda. 

There is no doubt that by proper management of the furnaces these mercurial poisonings might 
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be avoided, and the occupation of furnace-men, unhealthy at the best, might be rendered less 
, destructive to health. The practice at New Almaden is that which is adopted in the mines at 
Idria, (Oarniola,) which does not yield more than an average of eight per cent, of metal ; at 
Almaden, (Spain,) a roasting is all that is performed, which volatilize the mercury and separates 
the sulphur as sulphurous acid. In the Palatinate and at the Duchy of Deuxponts the ore is 
mixed with caustic lime, and distilled in iron vessels. This is the proper treatment for rich 
cinnabar ores, which, if subjected to heat alone, suffer much loss from the escape of undecomposed 
sulphuret carried off by the flues, and also from some sulphuret remaining undecomposed in 
the ore. The refuse of these works contains undecomposed cinnabar, and in some specimens of 
waste as much as ten per cent, has been found ; this is equivalent to a loss of nine per cent, 
metal, as the pure ore yields 86 per cent, of metallic mercury. 

Notwithstanding this double loss from faulty distillation, the yield of metallic mercury is, 
annually, very great. The total shipments of quicksilver from San Francisco, for the year 1853, 
was 18,800 flasks, (each flask 75 lbs. weight,) or 1,410,000 lbs., valued at |683,189. In 1854 
the number of flasks was 19,320, or 1,449,000 lbs., valued at $724,500. In the first quarter 
of the year 1855 the export was 6,056 flasks, in the second quarter of the year 1855 the export 
was 5,082 flasks, making for the first half of 1856 a total of 11,158 flasks, of 75 lbs. each. 
The export was mostly to Valparaiso, Callao, San Bias, and Hong Kong. Besides this a quantity 
was set apart for the home market, for amalgamating the gold. It would appear that the mine 
is worked merely to supply the demand, without producing as much as the works could profitably 
do and then seek for wider markets. The actual produce of the works is from 30 to 35,000 lbs. 
of mercury weekly, or perhaps, a maximum of 1,700,000 lbs. per annum, which, with the above 
export, would leave 250,000 lbs. for the home market. 

According to the foregoing calculation of loss in the refuse of the furnace, it would appear 
that the enormous quantity of 155,000 lbs. of mercury was wasted in the year 1854. 

PAJiiRO VALLEY. 

The Pajaro valley is a small alluvial plain which opens upon the coast of Santa Cruz county, 
and runs at nearly a right angle to the Santa Clara valley, between which and the Salinas river 
it is situate. Through the valley the Pajaro creek runs in its westward course from the moun- 
tains to the ocean. The valley is of a triangular shape, broad at the shore and running nine or 
ten miles inland, where it is cut short by the Llomas Muertas, or foot hills of G-avilan, which 
separates it from the Salinas valley. On the north it is separated from the valley Santa Clara 
by the Santa Cruz mountains. The lower portion of the valley is swamp land from the influx 
and infiltration of sea water, forming lagoons near the bay. The land beside and above the 
immediate river bed is of great fertility ; the bottom of alluvial sands and clays derived from 
the soft Quaternary sandstones which form the low hills bounding the valley. These appear 
almost horizontal, but have a small dip to the west, which is better observed at a distance. 
These strata have undergone no disturbance (by contact) since their deposition, having been 
elevat.ed slowly a few feet in one unbroken mass, and belongs to the more recent elevations of 
the tertiary period in California. The basal rock is a felspathic granite, the debris of which is 
intermingled with and enriches the sandstone detritus. The junction of the recent sand rock 
with the granite was not observed. In places the river cuts through heavy clays between 
thirty and forty feet deep, near the Kanche de Los Anges. 
. The upper portion only of the valley was crossed on the road to San Juan. The Santa Cruz 
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hills on the northwest were 1,500 feet high near their termination, while the Llomas Muertas 
were not more than 300 feet high. At the junction of the Arroyo Pescadero with the Pajaro 
diallage hornblende rock is exposed ; this is a spur thrown off from the Gavilan with a strike 
north a little east ; west of this, on the right bank of the Pajaro, a stratum of limestone, meta- 
morphic, and about thirty feet in thickness, is exposed ; it is a hard, dark, flinty rdck, without 
any fossils apparent. From the low hills described, the fossil Venus Pajaroana, (Conrad,) a 
Miocene fossil, was obtained. As the beds containing Dosinia, whicli are found so plentifully 
on the Salinas, were not observed here in relation with this fossiliferous bed, it is impossible to 
connect the order of position. 

Leaving the Santa Clara valley, the Arroyo Bonito wasj crossfd before entering the valley of 
San Juan. This stream flows through a small valley bounded on the north by the termination 
of the trachytic range, which formed the east side of the Santa Clara valley, and on the south 
by the low hills alluded to, which approach the river from each side, forming small but beautiful 
valleys^ which are terraced on both banks. That on the right or east bank is somewhat higher 
than the opposite one; both extend along the river for eight miles, or so far as the valleys were 
examined, and at the point where the river was first touched the height of the terrace was forty 
feet; a few miles further up it did not appear to be more than twenty feet, the river having 
worn its valley down at the lower end ; the upper surface of the terraces were smooth, with a 
few drift pebbles on the surface, but no beds of sand or apparent shore action. 
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The valley of the Salinas river is a plain of great extent, being almost 100 miles long and 
in places nearly 20 miles wide, in general narrowing as it advances southeast, until in 
places it is not more than half a mile in breadth. Its northern portion lies in Monterey 
county, stretching, as it advances south, into San Luis Obispo county. Like the Santa Clara 
valley, it is also of a triangular shape, presenting its base N.N.W. toward Monterey bay, upon 
which it opens without any intervening ridge, the slope of the valley being so slight and its 
surface so much depressed at the level of the tide that much of the^ow land is swampy and 
overgrown with tule, rush, willows, and marsh vegetation, through which the river lazily winds 
its way, forming small lagoons, from not having force enough to sweep its waters into the bay. 
The lower 60 miles of its course is over the gradual slope of the plain, which does not exceed 
20 inches to the mile, so that its waters are easily arrested ; further up, south of San Miguel 
mission, where the valley narrows and the river in places cuts through a granitic region, its 
fall becomes more rapid; owing to this slight momentum, sand bars are heaped up by the ocean 
at its debouche into the bay, which completely destroys its navigation. 

It is not possible to navigate this river far up, the depth, 40 miles from its mouth, being 
under three feet in its deepest part, where its width might be nearly 100 yards ; but when it is 
considered that this is the only river in the southern section of the State which does not canon 
through mountain passes to reach the ocean, and which rolls through an extensive and fertile 
valley, no doubt, as the population fills in, some efforts will be made which will both free the 
bars from its mouth and narrow the area covered by the lagoons and marsh in the lower 15 
miles of the plain. 

The whole valley may be described as an ancient alluvium derived from the degradation of 
the granitic, serpentine, chloritic, and sandstone formations, which go to form the mountains 
on either side ; above this alluvium, and intermingled with its upper layers, is the modern 
detritus and fluviatile' additions. But how little has been accomplished by modern action in 
either denuding or covering up the ancient alluvium, is evinced by the smooth surface of the 
plain, running even up to the base of the hills, and by the remains of the terraces, both upon 
the valley surface and upon the edges of the hills a few yards above the present base. 

The lower 60 miles of this valley is not a plain of uniform level, but a series of low, flat 
terraces which extend in a north and south direction, and require to be ascended when the valley 
is crossed from west to east. The lower terrace is a fine stifi" clay, occupying the west side of 
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the valley, and containing the present bed of the river in the lower part of its course ; it is 
nearly five miles wide ; above this rises the second terrace to a height of 10 feet above the first ; 
it is also a fine stiff clay with less vegetable matter, and of a lighter color than the preceding ; 
its width is a little more, about six miles in breadth ; the third terrace lies at the slope of the 
Gavilan range, is about five miles across in its widest place, and is not so level as the other two 
terraces. It is covered over with the debris of the volcanic rocks and sandstones, and is the 
least fertile ; wild mustard covers it to some extent, but its chief growth is a coarse grass. 
From the silicious character of the soil, it does not seem capable of producing vegetation in 
the abundance which prevails on the lower levels. Much of the lower plain is covered by the 
wild onion; cotton- woods grow on the river bank, which is only 4 to 10 feet below the level of 
the lower terrace ; the bed of the stream is a fine white micaceous sandstone, which forms 
quicksands, and renders the fording of the stream very dangerous. 

The capability of production of the lower terraces is very great when put under cultivation. 
At Mr, Hill's farm near the town of Salinas, sixteen miles east of Monterey, sixty bushels of 
wheat have been raised off the acre, and occasionally eighty-five bushels. Barley, one hundred 
bushels, running up to one hundred and forty-nine bushels, and vegetables in proportion. In 
December, (the time of visit,) these plains were crowded with wild geese^ cranes, and brandt. 
The geese are in such multitudes as to darken the air, and cover hundreds of acres when they 
alight. 

During most of the stay on these plains the winds blew from a southerly point, accompanied 
with cold and rain ; but when the wind shifted round north and west the rain ceased, and a 
curious phenomenon presented itself — that of immense volumes of clouds pouring into the valley 
from off the sea, and, entering it at its lower portion, rolling along the plain and collecting on 
the hill-tops of the eastern side, depositing its waters there. Such winds blowing over the 
lower valley through the funnel opening at the Bay of Monterey, always occur in California, 
under similar conditions, i. e., whenever there is an opening in the littoral chain to allow the 
shore winds access into the interior, the inward current being produced by the ascent of the 
overheated air of the plain, leaving a partial vacuum, which the sea breeze rushes in to fill. In 
such places a land breeze prevails at night. The influx of such cold winds, charged with moisture, 
lessens the mean temperature of the summer of these plains, while at the same time it adds very 
considerably to the fertility of the soil, which at times would be almost reduced to barrenness 
from the drought. In several places on the middle terrace the soil was cracked in fissures a 
foot wide, some yards long, and 3 or 4 feet in depth, the result of the excessive summer heat on 
a plastic clay. 

The Gavilan range of hills forms the eastern boundary of this valley. This range at its 
northern part is essentially granitic, flanked on its west side by metamorphic limestone, (crys- 
talline carbonate in places,) 300 to 400 feet in thickness ; lower down, the foot hills are made 
up of a series of soft sandstones, which extend in an almost straight line from the mouth of the 
Pajaro to the Mission San Miguel, a distance of eighty or ninety miles. These sedimentary 
beds dip towards the valley, or in a southwest direction, and form the true bottom of the valley, 
having been reached at the depth of 40 feet in sinking a well near Mr. Hill's. These sandstones 
also form the low hills upon the west side of the valley, where they constitute the base of the 
wide mountain ridge, here one of the coast ranges. This ridge, which commences at Point 
Pinos, the south point of Monterey runs in a southeast direction, and approaches the Salinas 
river fifty-five miles from its mouth, has a central axis of felspathic granite, coarse-grained, and 
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of a bluish tint on a fresh fracture, owing to the presence of adularia. This rock, which occu- 
pies only a few miles of the surface at the shore of the bay, as the mountain rises to a greater 
elevation further south, also covers a greater width and forms the highest summits of the range, 
which exceeds 3,500 feet ; as it passes south it becomes more hornblendic and magnesian in its 
character. East of the granitic axis a mass of slaty, serpentine, and trappean' rocfes is protruded, 
forming a second ridge running a parallel course, whose altitude does not reach that of 
the granitic chain, but which, from its proximity to the plain, hides from the latter the 
granitic Ihills, and presents to view its sharp and angular crests. As this igneous rock runs 
south it sends spurs out into the valley, which, upheaving the later formed strata, narrow the 
plain so as to reduce it to 2 or 3 miles broad, 10 miles north of Mission San Miguel, and south 
of that to lessen it merely to the condition of the river bed without a lateral plain. 

The sandstones and overlying beds have been both partially elevated and cut through by 

these serpentine and trappean rocks ; in places the sandstone is hard, rings to the hammer, 

and has a slaty appearance. A few miles north of the Mission San Miguel, trappean dykes 

cross the road, cutting the sandstone at an oblique angle to the line of strike. In the upper 

beds the calcareous strata are separated by a quartzose bed, 4 to 10 feet thick, which presents 

the appearance of agate and opalescent quartz veins, 1 to 2 inches thick, and separated a few feet 

from each other ; three and sometimes four of these veins occur in the sandy bed ; these silicious 

veins are in places accompanied by serpentine and talcose clays which tinge the edges of the 

veins green ; when any portion of this vein stone is removed, it is found to be intersected by lines 

of former fracture cemented anew, giving a pretty agate appearance to the various tints of the 

quartz lines. These veins mostly correspond to the plane of deposition of the strata in which 

they are included ; in a few instances they have been seen cutting the strata through at a slight 

angle. The presence of these veins serve, from their hardness and readiness to recognize them, 

as a good mark to determine the presence of the upper fossiliferous beds. In themselves they 

are the evidences of the existence of thermal waters highly charged with soluble silica traversing 

fissures in the strata and insinuating the fluid between the laminae of deposition. These layers 

were first observed in leaving the Salinas and ascending the hills in which the San Antonio 

river heads. Here a better view of the constitution of the Point Pinos chain was had than 

elsewhere below, when, on account of the width of the plain, the road lay along the river side 

away from the mountains. 

South of the Mission Solidad, which lies 35 miles up the valley, the mountains converge 
considerably, and the low foot hills spread into and narrow the plain. The diluvial clays are 
deep, often more than 40 feet exposed. The yellow sandstones which, from HilFs ranche for 30 
miles southward, is observed to rise up from the valley with a gentle slope, now disappears, and 
a whitish argillo-calcareous rock takes its place ; it is probably an upper stratum of the series 
brought to light by the lesser slope. The paste of the rock is soft, friable, and easily worn down 
by the elements ; of a slightly green tint, calcareous, and very full of casts of dosinia, venus, 
natica,.&c., (vide Mr, Conrad's report,) many of which were very imperfect ; a few pecten 
impressions were intermingled ; small masses of this rock were scattered over the terrace and the 
plain beneath. The observed thickness of this bed was about 50 feet, its whole depth not being 
exposed. On crossing the divert* between the small stream, a tributary of the Salinas, and the 

« '^ JDivorl."— This word expresses fully what no other word at present in use does. The word '* divide " is not etymolo- 
gically applicable, as it does not convey the idea of altitude as the cause of separation ; while the word divort implies eleva- 
tion, the cause of the '' divortia aquarum" —whence its derivation also. It is hoped that this expression will meet with 
favor and application. 
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waters of the San Antonio, this bed was found to occupy a large surface and to be the uppermost 
rock. Its dip, when first observed, was to the southwest, so that it lay on the west or Pacific 
slope of the Point Pinos chain, which is here a series of low and broad hills. Underneath this 
whitish clay rock lies a bed of conglomerate, made up of a clay paste cementing rounded and 
broken pebbles of prase, hyalitic, jaspery quartz, obsidian and serpentine. The obseryed thick- 
ness of this conglomerate was 80 feet. It contains no fossils. Below the conglomerate a reddish 
sandstone grit was observed. This grit is one of the beds which repose on the east side of the 
range, and dip under the Salinas river, and rises up again on the sides of the Gavilan range. 
This constitutes the whole section of stratified rocks. The axial rocks did not appear exposed, 
but the arroyos brought down, beside serpentine, obsidian, and trap, broken angular fragments 
of gneissose rock and felspathic granite. So that a section of these hills would afibrd the 
following details : 

Igneous rock, — Granite, gneiss, serpentine, obsidian, trap, in veins. 

Sedimentary roch. — From below upward: Eeddish sandstone grit; conglomerate green, 
quartzose ; whitish green calcareous and fossiliferous beds, in brown sandstone, with Dosinia 
and Pecten, 

A section of the San Antonio hills and Salinas valley is given on Plate I, figures 1 and 3. 

The whitish green calcareous rock is met the entire length of the chain for 30 miles, termi- 
nating a few miles south of Mission San Miguel, where they can be traced passing up the 
Estrella river, and forming the side hills of the river bottom upon which the terraces are placed. 

The fossils found in the sandstones on the west side were : Dosinia Montereyana, Dosinia 
Montana, Dosinia Subohliqua, Dosinia Longula, {vide Mr. Conrad's report ;) which extended from 
the Salinas river, at Mr. Hill's, at the north extremity of the valley, to near the Mission San 
Miguel, at the south end. Ten miles south of the junction of the Estrella and Salinas rivers 
the valley of the Salinas may be said to terminate. The granitic rocks and sandstones of the 
Point Pinos chain cross the river and form the western boundary of that stream for some miles 
further south. 

The granitic rocks at this point are low hills, flanked by the sandstones, having a slight dip 
to the southwest. By following the course of the river, which here comes from the S.S.E., a 
small valley is reached — the valley of the Mission Santa Margarita. 

The geological structure of this valley was obtained very imperfectly, partly on account of its 
great size and the rapid transit over it, but chiefly on account of the fogs, which for some days so 
completely hid the plain as to render everything further off" than 50 yards wholly undiscernible. 
Fossils similar to those found on San Antonio hill slopes were found in the bed of the river near 
Mr. Hill's ranch ; so that this upper layer of the sandstones of the Point Pinos range extends 
the whole length of the valley on its west side. They are, however^ inferior to the beds con- 
taining the Ostrea and Echinoderms of Santa Margarita valley. 

6U 
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CHAPTER V. 

SANTA MARGAErrA VALLEY. 

Extent and limits of the valley. — Its beauty and fertility. — Geological structure. — Character of the granite. — Disturbed 
ROCKS. — Trap protrusions. — Stratified rocks of the valley. — Order of position and nature op the beds. — Nature op the 
fossils included. — Relative position of the fossils in four beds. — Relation of position of the beds of this valley with 

those in the SALINAS VALLEY. — SUMMARY OF THE OBSERVATIONS ON THE VALLEY. 

The valley of Santa Margarita, in San LuIkS Obispo county, comprises the sources of tlie Salinas 
river. It is a small plain, whose greatest breadth is nine miles, narrowed towards its southern 
end to a width of three miles by upheaval of low hills ; it lies between the valley of San Luis 
Obispo on the west and the valley of the Estrella or San Juan river on the east, and may be 
looked upon as the southern prolongation of the Salinas valley, from which it is separated by the 
low hills south of San Miguel. Its eastern boundary is the prolongation of the Point Pinos range 
of hills, which have been described as running southeast from Monterey, and which, fifty miles 
south of that city, become less elevated and more spread out ; in their southerly course they 
cross the Salinas river, and in its upper portion become the eastern boundary, as they were its 
western lower down ; along this valley they are low mountains^ not more than 1^,000 to 1,200 
feet above the level of the plain, itself 950 feet above the sea ; further south these hills rise 
to a considerable height, are more pronounced, and known then as the San Jose mountains. 
The western boundary of the plain is another of the coast ranges ; the Santa Lucia hills, one 
of the longest and most decided of the coast ranges, with few breaks or passes in it, and rising 
to a height of 2,500 feet. The valley between these limits is one of the most beautiful and 
fertile in south California, possessing fine grass, with abundance of running streams in the 
bottom, the side hills clothed with live oaks and cotton-wood, and covered with a luxuriant crop 
of wild oats, (avena fatua,) which was naturally preserved, and at the time of visit, (January,) 
served as food for the multitude of deer and horned cattle, which found abundant sustenance 
here. The oak trees are covered, as to their branches, with the beautiful ramalina, which, 
hanging gracefully in festoons, with its light green tint, convey the idea of spring at a season 
when vegetable growth is nearly suspended. The Salinas river fiows upon the east side of this 
valley, from the level plain of which it is separated by a range of low hills of sandstone grits ; 
beyond (east of) the river the granitic axis of this range appears, having the same mineral consti- 
tution as further north, largely felspathic, with well defined orthose crystals, of a light flesh 
color, vitreous quartz, and small plates of diallage, whose green tint adds a lively contrast to 
the felspar, and gives an appearance of syenite to^ the whole mass ; the rock is cut through by 
thin green threads of oxide of chrome, along the line of which the mass breaks into small 
rhombic fragments* It is a granite which decays readily from the separation of the felspar 
crystal, which drops out by the weathering of the paste. 

At the southern end of this valley the granite becomes highly magnesian from the intermix- 
ture of serpentine protrusions. These are derived from the Santa Lucia, whose axis is serpen- 
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tine and trappean rock, spurs of whicli are given off and enter the plain at various points. One 
of these protrusions occurs in the centre of the valley, within one and a half mile of the entrance 
of the pass to San Luis valley ; it is a mass of augitic trap, which rises up from the plain in 
knobs ten to fifteen feet high, increasing in height to the south, where ifc is found elevating the 
brown sandstones from one hundred to five hundred feet high, and forming central' bosses from 
fifty to one hundred feet on the summit. These hills are covered with wild oats and oak, and 
produce the finest pasture in the valley ; as they increase in height they merge into the main 
mass of the Santa Lucia. To the northwest the trap vein can be traced along the valley several 
miles, until it passes into the same range west of the Old Mission, Santa Margarita, (Don Joa- 
chin de Estrada's residence.) 

The Old Mission establishment stands on a terrace raised about sixteen feet above the plain, 
on its western side ; at the base of the terrace lies one of the forks of the Salinas, which heads 
up in the Santa Lucia range a few miles southwest ; the terrace is not more than one-fourth of 
a mile wide, and stretches northwest for one and a half miles ; where the river cuts its margin 
it exposes here and there sandstone and argillite beds similar to those of the San Antonio river, 
cut up and altered by intrusion of trap rock, steatitic and talcose clays, and shales, which have 
flexed and contorted the strata in various directions. This intruded rock can be traced several 
miles, both north and south, preserving a direction of N. 60° W., S. 60° E. 

The valley is closed at its south extremity by an elevation of the sandstones, caused by the 
intrusion of a mass of serpentine with augite, which runs in an easterly direction towards the 
Toro hills, small masses of granite, outliers of the San Jose mountains, and forms a natural 
division between the Santa Margarita and San Jose valleys. 

On account of the frequent and extensive intrusions of augite and serpentine in this valley, 
it is difiicult, in many places, to say what is the original dip of the strata ; thus, in the north, 
the white fossiliferous beds dip to the southwest, conforming to the dip of the strata of the San 
Antonio river, and there on the west flank of the Point Pinos range, while in the south of the 
valley the same strata dip eastward. Observation had however shown, that as an elevating 
agent, the Point Pinos (or San Jose) mountain range extended its influence to a much greater 
extent laterally than the Santa Lucia mountains, and that where the strata repose without any 
subsequent alteration or flexion they are found to be conformable to the Point Pinos granitic axis. 

The sedimentary bed lowest in position in this valley is the same as that observed at San 
Antonio, a breccia conglomerate of quartzose and jaspery pebbles in an aluminous paste, the 
whole having a light brownish green color. This was not occupying a prominent position, but 
was found cropping out near the river beyond the low hills on the east side of the plain. 
Above this is a fine-grained sandstone, greyish white in color, friable, and weathering readily 
into holes, intersected with threads of sulphate of lime, which traverse the rock in horizontal 
lines, having a direction north 20° west ; the gypsum was in places granular and compact ; in 
others, crystalline ; the seams one-half to an inch thick, and stained green with carbonate of 
copper, (malachite,) this appearance was presented wherever augitic rock cut through the 
elevated sandstone, and was well displayed at the Kinconada hills. The gypsum, being readily 
removed by the weathering of the rock, is dissolved by the waters, and finds its way into the 
Salinas, to which it imparts its flavor and unhealthy action, and from which being present the 
river has derived its name. Besides the gypsum veins, another set of threads cross the fore- 
going at an oblique angle ; these are filled with limonite, (peroxide of iron.) These two 
classes of veins render the sandstone readily recognizable wherever found. The thickness of 
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this bed in the valley was 250 feet. In Panza valley, lying several miles to the east, and on 
the other slope of the granitic axis, it was found much thicker. No fossils were observed in 
either of these rocks ; but it is probable that the upper layers may yet be found fossiliferous. 

Above these, and conformable to them, was a whitish sandstone rock, coarse in its lower layers, 
with pebbles of rounded white quartz. Calcareous fossiliferous layers (Occurred in the upper 
part of this sandstone, which, in places, had a dip of 35° to the southwest ; the strike, north 
46° west. The total thickness of this rock is nearly 450 feet, and may be subdivided con- 
veniently into four beds, commencing with the most inferior. 

First bed reposes on the agatic or flinty layers described as met with at the upper end of the 
Salinas valley ; is about 200 feet thick ; a whitish sandstone grit, containing calcareous layers 
two to four feet thick ; these layers are mostly made up of ostrea titan, (Conrad,) in a condition 
tolerably perfect, cemented by a calcareous paste, the debris of the shells comminuted finely ; 
the paste includes fine grains of rounded quartz pebble. This bed of ostrea was the first one 
encountered on entering the valley where it was found, fifty yards to the left of the wagon 
road, and less than four miles north of Don Joachim's residence. 

Second bed lies above the foregoing, from^ which it is separated by a quartz grit layer ; it is 
a grey sandstone, including a calcareous cement ; it contains a mass of broken shells, forming 
a cement mass in which are imbeded layers of ostrea and pecten ; the ostrea in this bed have 
not the size of the mollusc of the first bed. The pectens are large, rarely perfect, and when 
so, in such a soft condition that it was found difficult to preserve them. The pecten, (hinnites 
crassa, vide Conrad's report,) as a fossil, more abundant than the oyster. This bed averages 
from 10 to 85 feet in thickness. 

Third bed varies from 60 to 90 feet thick ; is made up almost completely of white calcareous 
cement, broken shell, and quartz pebble. The fossils lie in two layers, separated by a bed of sand 
rock. The lower layer contained ostrea and pecten (hinnites) about 60 inches thick ; in the 
upper, ostrea and asterodapsis. The latter (echinoderm) is the characteristic of this bed ; it 
was not found in the lower beds ; the individuals vary in size from J to 1| inch across ; they 
are in every respect similar to the Estrella fossils ; pecten discus of a small size was 'found 
in this upper bed. 

Fourth bed. A soft brown sandstone, which splits readily into thin slabs, perforated with 
circular holes, three-^fourths inch in diameter, bored obliquely, showing the action of boring 
molluscs upon it ; thickness from three to six feet. 

Accompanying the echinoderms was a mass of broken fragments of their own species ; this 
comminution took place while the bed was yet soft and inhabited, as few of the specimens are 
broken in place, though so brittle that it is difficult to remove them ; they lie crowded together 
and conformable to the plane of deposition, as do also the ostrea and pecten. The ostrea lie in 
regular layers with their flat shell uppermost, apparently undisturbed except by the general 
elevation. 

Mr. Conrad has described the pecten as a hinnites, and given the characters of the fossils 
in his report. 

These four beds were never found together in the same immediate locality, but usually 
within a longitudinal range of five miles. The first bed was rarely upheaved, and constituted 
the level ground of the valley ; while beds two and three were usually found cropping out of 
the low hills on the east side of the valley ; the continuity was, however, satisfactorily traced 
in several instances. Some of the beds, as that containing the asterodapsis Qaganum,) was 



Hosted by 



Google 



VALLEY OF SANTA MAEGARITA. 45 

brittle so as to render it difficult to preserve the specimens from falling to pieces ; wbile tbe 
ostrea layers were sometimes imbedded in so hard a matrix that it was difficult to remove them 
without fracture. Measured by the foot, several of the oyster shells were fourteen inches long 
by seven inches wide, and few of them were less than six inches long. The thickness of the 
under shell is remarkable, some of them being five inches in depth'. 

It is worthy of remark that the beds, although within few yards of each other, had not 
their fossils intermingled, as it were ; thus the asterodapsis, though the most abundant shell 
of the upper bed, was not found in the second lowest ostrea bed — this might more properly 
be called the hinnites bed — which latter was also unattended by the Janira estrellana, which, 
however, was freely intermingled with the laganum ; and, lastly, that the layers perforated 
by the pholadines were only found above the upper bed, and formed loose stones upon the 
surface, accompanied by rounded pebbles of jasper and quartz. 

The height of these hills rarely exceeded 100 feet, more frequently about 80 feet, with 
rounded sides and summit, and presenting bluff edges to the west. As this was the direction 
of the dip, which did not anywhere in these beds exceed 40°, the strata were uncovered by 
denudation ; indeed, everywhere these hills were examined they were found to have suffered 
extensively by the denuding effects of currents, which, sweeping in a meridional direction, 
removed large masses of this stratum, and converted what was an inclined slope into a series of 
rounded hills. 

The flattened summits of these hillocks with the bored slates tend to show that, at the time 
when these were last covered by water, they must have nearly reached the level of the sea of 
that period. It may be remarked of the sandstone hills of the west side of the valley, that 
those which are first met with are also flat on their summit and under 150 feet in altitude. 

Below these beds, interesting from their fossil contents, and separating them from the 
gypseous sandstones^ lies the white argillaceous rock with the layers of chalcedonic and opales- 
cent quartz, already spoken of as met with on the San Antonio hills, beds containing dosinia, 
venus^ and natica. In a geological sense, as well as topographical, the argillite is inferior ; for 
it here occupies the middle of the valley beside the stream ; it dipped N.W. from 60° to 70°, 
and was so hidden up by alluvium as to prevent any exploration of its beds. It has a light 
yellow tint, becoming in places almost white ; granular in texture, and breaking with a splintry 
fracture. In places the strata were almost vertical, not more than 50 feet was exposed. 

These white ostrea beds were the most modern rocks observed in the valley. Passing west- 
ward for a couple of miles, no rock was exposed ; and when the Pacific side of the valley was 
reached, protrusions of trap and serpentine presented themselves to view, with the brown sand- 
stones dipping toward the centre of the plain. 

These are the foot hills of the Santa Lucia range, a mountain chain which is described else- 
where in the report. 

These sandstones underlie the valley, dipping beneath the strata already described, and 
having a position below the breccia conglomerate of the east of the plain, and lying between it 
and the granitoid axis. I look upon them as repetitions of the gypseous and saline sandstones 
found near the base of Panza. 

The relative positions of the strata of this valley are shown in plate 1, fig. 4; and a view of 
the characteristic beds in fig. 1, plate 2. 

The valley is thus a true basin : the conglomerate of the east rising up near the summit of 
Santa Lucia, range ; above it the brown and yellow gypseous sandstones ; then the San Antonio 
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beds with dosinia; above these, the ostrea and pecten beds — all conformable to each other and 
to the volcanic rock and the granite, and all having their dip reversed in portions of the valley 
from local upheaval. 

The whole number of species found in these beds were: ostrea titan, hinnites crassa, cyclas 
permacra, balanus estrellanus, pecten discus, astrodapsis Antiselli. 

Oyclas and hinnites with pecten were found in bed two. Balanus was found in bed three, with 
asterodapsis. 
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CHAP TEE VI. 

POINT PINOS EANGE MB SIEEEA SAN JOSE. 

Great extent of the range. — ^Different names. — Height. — Mineral structure at point pinos. — Relation of the serpentine to 
THE granite. — Gold washing at san antonio.— -Sandstones at san miguel mission. — Position of stratified beds in salinas 
valley slope of this range. — Structure of the chain from west to east. — Strata along the slope in santa Margarita 
VALLEY. — Height and direction of the san jose range. — Geological structure of. — Mineral character of the 
GRANITES. — Sedimentary beds of. — Diagram of geological sections. — Thickness of the strata. — Position and character 
of the green conglomerates.- — Relation of these to the possiliferous beds, both of this range and elsewhere in the 
south of the state. 

This important chain of tlie Coast Eange was first encountered in the centre of San Luis 
Obispo county, where it forms the eastern boundary of the Salinas valley, separating the upper 
course of that river from its tributary, the Estrella. The junction of these streams is near the 
Mission San Miguel ; the low hills which form the eastern boundary of the Salinas valley at 
this point are made up of the soft, brownish sandstones which, further north, have been also 
found lying at the slopes of G-avilan, whose upper strata contain the dosinia species, of which four 
varieties have been enumerated by Mr. Conrad. In this place these strata slope at an 
unusual angle to the west; and although no primary rock is observed in passing eastward 
across these hills, yet both north and south of the point the granitic rock is considerably 
upraised. If from the Mission a line be drawn in direction southeast, it will accurately cover 
the range until it is merged in the immense primary upheave called San Emilio mountain. 
Projecting a line in a northwest direction, also from the Mission, it traverses the trend of a 
mountain chain which, in its course gives rise to the waters of San Antonio river, and 
forms a prominent feature of the Coast Eange of Monterey county, and finally terminates in the 
southwest extremity of Monterey bay at Point Pinos. With the short break alluded to as 
lying in the Salinas valley, it is a continuous chain, and might, perhaps, receive a common 
name. By the title of San Jose mountains, that portion between the upper waters of the 
Salinas river and the valley of Panzaand Cariso are known. There, it is a chain approximating 
3,000 feet above the sea, and from 12 to 16 miles in breadth. While we restrict the name of 
San Jose to this southern portion, we shall, both topographically and geographically, look upon 
the whole line from Point Pinos to the head-waters of the Santa Clara and Santa Maria rivers 
as one mountain system extending 250 miles from north to south, throughout the whole of 
which extent it preserves a character remarkably similar. The northern termination at Mon- 
terey bay displays the usual character of the axial rock, a felsphatic granite, containing only 
scattered crystals of mica with adularia and epidote^ which communicate a greenish tinge to the 
mass. The superficial portions of the rock are soft, the felspar crystals standing out distinctly 
from the paste ; it is of a flesh brown color externally, with a bluish shade on fracture, well 
seen on the south side of the harbor of Monterey, near the steam landing, and thence to Point 
Pinos, upon the low bosses forming which the light-house is built ; it is probable that it is due 
to the alkaline nature of the soil, produced by the disintegration of- the rock, that the cedar and 
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Sequoia flourish down even to the level of the sea^ a point much below the usual altitudes com- 
mon to those trees. 

There the granite is nearly five miles broad, where it dips under the alluvium forming the 
low land around the inner harbor. Southward it extends in a line southeast, forming the chief 
mass of the mountain, occupying its western and highest ridge until it reaches the river San 
Antonio. East of the granite lies a great width of serpentine rock running parallel with the 
granite and forming a sharp, narrow crested ridge, which, by its abruptness upon the Salinas, 
hides the main granitic ridge from view when travelling along that river. Still, the presence of 
the granitic rock is revealed by the wash of almost every mountain stream which carries down 
a large portion of primary rock among its debris. On the east of the serpentine lie talcose and 
chloritic slates, intersected by filamentous veins of q[uartz. These being the mineral conditions 
under which gold is found, it was suspected that the precious metal might be found in this 
range ; in the winter of 1354:-'55 prospecting was carried on to a small extent on the head- 
waters of the San Antonio, in the northern part of San Luis Obispo county. A few native 
Californians commenced washing there, and obtained about fi per day for each hand ; the quan- 
tity, however, ultimately obtained was but small, and the washings were abandoned after a 
little. The protrusions of serpentine and magnesian slates drop down before the range 
approaches San Miguel mission, and do not reappear again. The fossiliferous sandstones with 
dosinia, underlying the Salinas river, rest on these, have been upraised by them, and are 
in places rendered metamorphic by contact. The granite itself drops down, as stated, 
and while diminishing in height covers a greater breadth to the east. Owing to the close 
approach of the magnesian rocks to the river valley, the trail is obliged to leave it and 
cross the eastern portion of the range, where it meets with the San Antonio river, which 
rises in the granitic hills further north, and passes in the small trough between the serpentine 
and granitic ridges of the mountain; this trough is filled up by the fossiliferous sandstones 
which here dip to the southwest, being influenced by the serpentine upheaval rather than by 
the granitic, the latter being the rock first elevated. The sandstone is in places converted into 
a rock resembling novaculite, and near the Mission Solidad beds of jasper and reddish porphy- 
ritic rock are found. Angular fragments of prase occur in the arroyos which found their 
way into the valley ; a bed of conglomerate lies below the sandstones ; this stratum is of a 
greenish tint, and contains pebbles of hyaloid quartz, prase^ serpentine, and porphyry. It was 
not fully exposed, so that not more than 40 feet of thickness could be attributed to it. Above 
this sandstone is whitish argillite, a soft rock, easily degraded, and fossiliferous. The dip of this 
upper bed is very variable, dipping in every direction east and west, and occasionally vertical. 
It appears to have suffered considerably by the talcose upheaves and by subsequent denudations, 
the terraces which are found at the base of the range being covered with angular fragments 
derived from the degradation of these strata. The fossils of these strata are described elsewhere 
in this report. The total thickness of this upper bed is about 80 feet where observed. The 
sandstones which lie beneath this are of two kinds, brown and red. The brown beds are soft 
and easily decay ; the other bed is made of white quartz grains in a reddish paste ; this bed is 
not fossiliferous, but at several points between the Mission Solidad and San Miguel, these two 
bands of sandstone were separated by a calcareous stratum, whitish^ and in places 15 feet thick, 
with particles of comminuted shell, and casts of Dosinia alta, and ohliqua, and a small Venus, 
Above both sandstones were found, near San Miguel, (south,) occasionally cropping out, Ostreay 
Hinnites, and Pallium ; but few specimens could be collected complete, owing to the brittle 
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character of the fossils, from dislocations of the rock ; the fossils are, however, noticed in full 
when describing Santa Margarita valley. 

From the outline it would appear that the structure of the chain is simple, and may be stated 
as follows, commencing west with the axis, and travelling east : 

West. 

Granite, IJ to 5 miles wide. 
Serpentine. 

Talcose and chloritic slates. 

Green conglomerates, 60 feet exposed. 

Brown and red sandstones, with Dosinia, 200 feet. 
Soft white calcareous. 

Conglomerate, Osirea, 60 feet. East. 

Upon the latter two series the terraces are placed south of the Mission San Miguel, and east 
of the valley Santa Margarita the San Jose mountains proper commence. Those hitherto 
treated of are the geological extension northward. 

At Santa Margarita, the Salinas river flows on the east side of the valley ; there is a col- 
lection of granitic hills from 600 to 1,000 feet in height, set close together, with deep cut gorges 
between. This granite occupies a breadth of six miles from the Salinas, eastward, when it 
disappears under the elevated sandstones of the Estrella. On the slopes of this granite occur 
tertiary sandstones, similar to the fossiliferous beds of Santa Margarita. Kunning in a direction 
south 48° east, it attains a high elevation, and twenty miles southeast of Santa Margarita is 
almost 3,000 feet, its greatest probable height ; it preserves its height for nearly fifty miles 
further south, where it forms the eastern edge of the Ouyamas plain, separating the latter from 
the shallow basin of the Estero and from Tulare valley. As a mountain range it is there lost. 
It may be traced, geologically, in the porphyritic hills separating the upper waters of the Santa 
Maria from those of Tulare, or from the G-reat Basin, and becomes confounded with the 
mountain mass of San Emilio. 

In this portion of its course the chain has an axis purely granitic^ either felspathic granite or 
gneissose rock. South of San Miguel there is no longer any parallel ridge of serpentine, any 
talcose or chloritic slates. The magnesian rocks are wholly wanting, and are only represented 
by the addition of hornblende to the granitic rock, which gradually creeps in the further south 
the range extends, entering largely into the gneissoze portion, and rendering the whole rock 
more compact. Mica is still a mineral little abundant, the felspar predominating, which is 
sometimes bluish from adularia and sometimes cemented by a paste of epidote. The felspar in 
the northern range is flesh-colored, and contrasts strongly with the clear green of the epidote, 
giving a porphyritic appearance to the rock. The granites of this range are wholly of the first 
system, containing the highest amount of oxygen in them, and are mostly of the formula of 
orthose, which is found of a whitish color, and in rhomboidal prisms in the northern portions 
of the range. In San Luis and Santa Barbara counties the orthose crystals are usually in 
hexagonal prisms, with dihedral summits of a flesh-color, approaching a brick-red ; the quartz 
in amorphous pasty masses, very few crystals of brown mica interspersed, and a large amount 
of the paste is of serpentine^ which gives a greenish tint to the whole rock, contrasting strongly 
with the colored felspar. In the interspaces between the lines of fissure of the blocks a coating 
of amorphous carbonate of magnesia covers the surface of the granite. In Santa Barbara county 
hornblende enters into the granite very largely, giving it more the appearance of hornblende 
porphyry than a true granite. The amphibole mineral appears to replace the serpentine. 
7U 
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POSITION AND POWER OF THE STRATA 



Gneiss, wliich is rare in the State, is found in the rolling country east of Ouyama valley, where 
it is met with in the bed of the stream, (Carizo,) and occupying a width of several miles of the 
undulating land east of this range ; the gneiss is hornblendic, and accompanies the granite in 
its further southern course, keeping on its eastern edge until this sierra merges into the mass of 
San Emilo and the country round about the Tejon. The gneiss was cut up in several places 
by dykes of granite, in the vicinity of Panza ranche. The sedimentary strata dip, both east 
and west, from this axis, which through its whole course has tilted the strata on its western 
side to a much higher angle than those on its eastern. The latter country being the much 
higher ground. In crossing from the Santa Maria river at Cuyama valley, eastward toward 
Carizo, the ascent is toilsome and precipitous across strata, some of which are at an angle of 
70°; the bed next to the granite, a greenish conglomerate, standing with its weathered pin- 
nacles almost erect, forming the lofty and prominent crest of the range, which then drops down 
by slow descents over rounded granitic hills until, after a few miles, the sedimentary strata are 
again met with^ dipping in an opposite direction at an angle of not more than 25^ to the north- 
east, which drop gently into the upland swells of Carizo. 

This chain was crossed in two places four several times, viz : at Camp 19, in the valley San 
Jose, and again about twenty-five miles further to the south, to enter Cuyama valley. The 
strata presented to view differed but slightly in the two places, viz : 

A. — Section at crossing from Gamp in San Jose to Panza, 

On west side. 



Granite. 



Dip. 



Thickness. 



1. Green grits and conglomerate 

2. Coarse porphyritic conglomerate - - 

3. Brown and yellow sandstones 

4. Conglomerate of serpentine and quartz pebbles - - 

6. Whitish sandstones and layers of argillite, with gypsum ; remains of Ostrea 

and Pallium - 



640 to TOO SW. 
660 SW. 



450 SW. 



Total- 



150 feet. 

200 " 

600 " 

50 " 

250 '* 



1, 250 feet. 



On east side. 



Granite. 



1. Green grits 

2. Coarse porphyry conglomerate - 

3. Brown and yellow sandstones- . 

4. Serpentine conglomerate 

5. Gypseous beds, with argillite - - 



Dip. 



350 NE. 
200 NE. 
150 NE. 
Total 



Thickness. 



300 feet. 

500 " 

80 '* 

200 '' 



1,080 feet. 



Hosted by 



Google 



CONSTITUTING THE SAN J0S:6 CHAIN. 



51 



B. — Section crossing from Guyama to Garizo, 

On west side. 



Granite. 



1 . Coarse grits and green conglomerates 

2. Yellow arenaceous grits 

3. Brown sandstones and shales ^ ■ 

4 a. Reddish conglomerate of j asper .- 

4 h. Fine reddish grits, with gypsum * 

6. Gypseous sandstones, with ostrea and calcareous beds. 



Dip. 



850 S. 750 W. 



30O SW. 



220 SW. 
150 S. 6O0 W. 



Total. 



Thickness. 



. 700 feet. 



200 

75 



975 feet. 



On east side. 



Granite. 



1 . Green conglomerate 

2 . Brown and yellow sandstones 

3. Reddish conglomerate 

4. Gypseous sandstones, with calcareous layers containing ostrea, and argillite 

beds superimposed r. ---- 



Dip. 



Not observed. 

200 NE. 



100 NE. 
Total (observed) 



Thickness. 



400 feet. 
60 "■ 

400 " 



860 feet. 



As the figures expressing tlie thickness of the strata are only approximative, they may be 
somewhat under estimated ; they show, however, that on the eastern slopes of the axis the 
deposits are thicker than on the western. This thickening is independent of any elevating 
cause. The yellow sandstones, No. 3, are thicker still further to the east, on the Panza hills, 
than they are found upon this range, indicating the source of deposit to be towards the east. 

The contact of the green conglomerates with the granitic rock was freq^uently observed in 
these hills ; the only rock which at any time separated them was hornblendic gneiss, which, on 
the east side and towards the south, intervened. No metamorphic rocks— no doubtful schists 
were here ; no silurian or palaeozoic rocks. The crystaline and metamorphic limestone which 
occasionally lies next the granite, as on Mount Diablo, Gavilan, and the Cordilleras of Los 
Angeles and San Bernardino, are wanting, and nothing but tertiary sandstones, efflorescent 
with gypsum and cut through with thin seams of brown peroxide of iron, conglomerates of 
magnesian origin, and those of jasper and porphyry, with superimposed beds of fine sandstone 
and clay, highly fossiliferous, constitute the stratified rocks ; these average 1,000 feet in 

thickness. 

The green conglomerate bed is the most persistent of the whole group, being made up of 
rounded fragments of serpentine, chlorite, and trappean rock, cemented by a brown aluminous 
sand, and found in close proximity to the granite ; it occupies the highest points of the range, 
and forms the pinnacled summits which serve as good landmarks from a distance. The red con- 
glomerate bed is made up of fragments of jasper and brownish quartz, with obsidian, and 
occasionally amygdaloid greenstone. As these latter rocks are found more abundant to the 
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north and east than in the counties traversed by the range in its southern prolongation, it is 
likely that it may have been derived from that source, possibly from the basin east of the Sierra 
Nevada, which may not have risen fully up at the time of the deposition of these beds. This 
bed is not found in the ranges lying to the west. The older conglomerate (serpentine) is derived 
from the degradation of the serpentine and trappean ranges north and eastof this. Neither of 
these conglomerate beds contain any trace of fossils. Of the fossils of the sandstone beds notice 
will be made elsewhere. It may be mentioned here that the fine clay bed, the uppermost de- 
scribed, (A No. 5,) is found on both sides of the range where examined ; it was also found 
further east, on Panza, (fifteen miles,) in Santa Margarita valley, San Luis Obispo valley, and 
thence on the shore line to near Santa Barbara, a remarkable extent of country, forming a line 
of sixty miles, from north to south, and doubly remarkable when the light and tender nature of 
the stratum — a soft clay rock, impressible with the nail — is considered. 

Figure 5 of plate 2 illustrates the positions of the several strata described. Figures 2 and 3 
of plate 1 also reveal the constitution of the chain. Beds 2 and 3 B are the sandstones of 
Panza, which can be traced to the Monte Diablo range ; they are also the lower sandstones of 
Saint Inez, where they are described. Bed 4 B, east side, is the Santa Margarita fossiliferous 
beds, described when treating of that valley. 

The western slopes of this range in Cuyama valley are terraced for a length of 30 miles ; on 
the eastern side they are terraced also in Panza valley and the lower part of the basin of the 
Estrella creek. 
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CHAPTER VII. 

SANTA MARIA RIVEB AND CUYAMA PLAIN. 

The SANTA MARIA RIVER. — ItS LENGTH AND DIRECTION. — LoOAL IGNORANCE OF. — EFFECTS OP ITS PASSAGE THROUGH THE SANTA LUCIA 

HILLS. — Limits of the river valley. — -Character op the country between the upper waters op the santa maria and tulare 

VALLEY. PORPHYRITIC HILLS OF ESTERO PLAIN. — NaTURE OF THE PLAIN. — StRATA ON THB EAST SIDE OP CUYAMA VALLEY. — GyPSIFER- 

OUS SANDSTONES. — WeST SIDE OF THE VALLEY. — BrOWN SANDSTONES. — STRUCTURE OF THE CUYAMA VALLEY. — TeRRACES OF. — CEN- 
TRAL ISLET. — Traces of denudation and littoral action. — Relative and absolute height of the terrace levels. 

Excepting the Salinas, the Santa Maria is by much the longest river of southern California ; 
having its head-waters in the mountainous district of San Emilio, the melting of the snows, 
and the unusual fall of rains upon which, are its chief sources, it traverses the course common to 
Californian rivers, a northwesterly course, through a long valley— the Cuyama valley — during 
which it receives small tributaries from either side ; reaching the northern or lower end of the valley , 
its further northwest course is arrested by the irregular hilly district lying between the valley of 
San Jose and that of this river. These hills are granitic outliers of the San Jose mountains, 
with serpentine and trappean upheaves, sent off laterally from the Santa Lucia range. A con- 
tinuation of the upheaves similar to those called theEinconado hills, further north, which closes 
up Santa Margarita plain. Unable to force its way further northward, the river suddenly takes 
a sweep west and enters the Santa Lucia range, passing through deep gorges and breaks in this 
chain until it finds its way to the head of the plain of Guadalupe Largo, where it resumes its 
northwest course, and empties into the sea north of Punto Sal. In its course through the 
mountain range it winds frequently, but its main course is due west. So little is known of this 
river, even by the natives resident near, that it is not even known to be the same in its whole 
course, being called the Cuyama river in its southern portion, and Santa Maria near its mouth. 
It rises in longitude 120° W. and latitude 34° 40' N.^ and is separated by not more than two 
miles distance from the head-waters of the Peyrou, one of the tributaries of the Santa Clara 
river, and making allowance for its flexions, its length cannot be less than 170 miles. The 
valley of the river is 50 miles long, and varies from 4 to 8 miles wide, increasing in breadth to 
the south, where it stretches out into plains by the depression of the continuation of the San 
Jose range. This is the portion known as the Cuyama. In the lower part of the valley (north) 
the river flows rapidly through an alluvial bed, cut from 10 to 12 feet through clays ; higher 
up, the river flows less rapidly, is not more than 6 to 8 feet below the plain, which is a loose 
sandy clay, the bed of the stream being a micaceous and quartzose sand. Everywhere through 
its course its waters are bitter and saline, charged with common salt and gypsum, derived from 
the sandstones over which it rolls for many miles. The soils of the plains communicate their 
ingredients^ being themselves disintegrated sandstones commingled with basalt, trap, and por- 
phyry pebbles. 

Passing over so large a plain surface of an inland valley, and not receiving large tributaries, 
the river becomes smaller as it descends the valley, and would infallibly dwindle into a petty 
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stream, or wholly disappear, were it not compelled to enter the Santa Lucia range, and thus 
receive from its well watered summits numerous additional rivulets which swell up its lower 
channel as it enters Guadalupe Largo plain. 

The valley is bounded on the east by the prolongation of the San Jose mountains — these, 
which have been already described as the continuation of the Point Pinos range, extend up the 
valley in a southeasterly direction ; in its course it sends a spur in a more southerly line into the 
valley — while the main chain further east continues to form the boundary between it and Estero 
plain to within 20 miles of the termination of Tulare valley ; in so doing, it appears to lose the 
character of mountains, and to resemble low hills bounding the plain ; but the fact is, that the 
valley of the river rises considerably in level, the elevating force being spread over the area of 
the Santa Maria valley in its upper course. The hills in the southern extremity, where it 
separates the valley from Estero plain, are mostly porphyritic felspar, containiug albite in well 
marked hexagons. The hills are rounded swells, which have deep valleys or breaks between 
them, allowing of passes from Tulare valley and Estero plain into the valley of this river. 
These porphyry domes present the appearance of a series of wash-basins inverted. Estero plain 
is properly a longitudinal valley in this range, being uplifted by it to an elevation considerably 
exceeding that of the valleys on either side ; for while both Tulare and Santa Maria valleys roll 
their waters north, Estero plain sends its stream, the Agua de Paleta, in a southerly course into 
Tulare valley, the level of which is below that of the Santa Maria. 

This granitoid felspar porphyry range has a strike S. 40° E., with an exposed width of 7 to 
10 miles of elevated rolling hills, forming a true anticlinal axis, throwing the strata into Tulare 
valley with a dip of 15° to 20° eastward, and into Santa Maria valley on the west at an angle 
scarcely exceeding 15° to the N. W. The porphyritic rock may be traced south into the eastern 
and northern portions of the San Emilio mountain. 

The strata dipping toward the valley consist of 3 beds, as observed from above downward. 

1st. A hard, whitish, compact clay rock, absorbent to tongue, with veins of crystallized 
gypsum and cavities, where the crystals had weathered out ; layers of silicified rock^ occur 
through this bed; 120 feet of this stratum was observed. 

2d. Stratum of brownish yellow clay rock ] gypsiferous, gypsum disseminated in amorphous 
masses, accompanied with seams of crystalline mineral ; about 30 feet of this rock was exposed. 

3d. "White quartz grit ; pebbles rounded — a clay paste with seams of sulphate intercalated ; 
25 feet of this rock exposed. 

In the hasty survey made no fossils were observed, and the exact age cannot, therefore, be 
determined ; in lithological character they resemble the lower gypsiferous sandstones of Panza 
hills and the beds of sandstone which lie above the conglomerate of Santa Margarita and 
Santa Inez. 

The gypsum is washed out readily from these strata into the plain, where, in low situations, 
it forms an efflorescent crust on the soil, and attaches itself as a thin frosting round the roots 
and stems of the grasses. 

At the northern and lower end of the valley the San Jose mountains form the eastern limit. 
The character of this range has been described under its appropriate head, and need only be 
slightly noticed here. The newest strata of that range dip into the valley at an angle of 25° 
to the southwest. The uppermost bed is the soft clay rock, containing impressions of area 
obispoensis, similar to that described in the San Luis valley as forming the most recent series in 
California. Upon these were found the terraces which stretched for many miles up the valley. 
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The western boundary of the valley is the Santa Lucia range in its course south. This 
mountain ridge loses none of its height or power as a physical feature ; at the northern edge 
of the plain its thickness is from 16 to 20 miles through where the river canons ; south of this, 
for 40 miles, there are no passes through it, presenting, as it does, a lofty range of sharply 
defined crests of height increasing southward, and uniting with the lofty land where the San 
Eafael and the Saint Inez mountains in their course blend together and form a hilly and almost 
impassable district in the northern part of Santa Barbara and Los Angeles counties. This 
range was not examined closely in its southern course ; the streams which rolled down carried 
as debris serpentine, massive and foliated, trappean and porphyritic jasper stones^ transparent 
and hyalitic quartz, but no granitic pebbles ; nowhere along the range has there been the 
smallest trace of a granitoid rock observed ; and the sharp sky outlines of the range, when 
viewed from the valley, forbid the idea of its existence. 

Brown sandstones were observed flanking the slopes of this range at the northern end of the 
valley ; sufficient time was not afforded for exploring them for fossils, but in lithological char- 
acter they closely resembled the brown and yellow sandstones which clothe the same axis in the 
Santa Margarita valley, which lie beneath the layers of ostrea and are the superior beds of the 
gypsiferous and saline grits of Panza. These slope abruptly down to the valley bottom, and 
spreading in places out into long foot ranges, with their summits abraded smoothly so as to form 
an extended flat or terrace extending for several miles out toward the valley from the base of 
the main mass of mountain. 

The Santa Maria or Cuyama valley differs from any other observed in not having a true out- 
let. On the south it is shut up by the San Emilio mountain region ; on the east by the low 
porphyritic felspar range running into that mountain also ; on the north it is occluded by the 
cross ranges given off from the Santa Lucia, and by this range on its west, throughout the 
whole length ; it is completely shut in, except at the point where the river canons through the 
narrow gorges of the Santa Lucia. This is a channel which the river itself has partly cut for 
itself, and scarcely can be called the natural outlet of a plain. The slope of the base of the 
plain is to the north by west, and would naturally pour its waters into the small valleys of San 
Jose and Santa Margarita were it not prevented by the serpentine ridges crossing it at the head 
of these localities. The observer, first casting his eye over this extended plain, widening to- 
wards the south by the recession of the mountain ranges, would at once set it down as the basin 
of a great arm of the sea, which ran up toward the north, and that the natural debouohe was 
toward the southeast, or opening into Tulare plain. This may have been the case once; but at 
such time Tulare plain itself was not so elevated or cut off" from communication with the desert 
east as at present. The elevation of Tulare and Santa Maria were coeval. The sandstones and 
gypseous beds found northwest of the Canada de los Uvas may be traced round the sides of the 
porphyry domes into the Cuyama valley as a continuous series, elevated by the same local 
action ; and as the Estero plain lies between Tulare and Santa Maria valley, upon the crests or 
in a trough between the porphyry ranges, the continuation of the San Jose range, which also 
stretches under Panza and Cariso, that plain (Estero) belongs to the same age, and the San 
Jose range, by its elevation, separated for the first time the previously connected plains of 
Cuyama and Tulare valley. 

Whichever may have been the original outlet, which at present is closed up, it is, perhaps, 
difficult to decide now ; but the valley everywhere, especially at the lower end, (north,) presents 
the usual marks of running water in the terraces found on its mountain sides, and on such a 
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large scale as to induce tlie examiner to look upon the whole plain as once an extensive lake, 
the level of whose waters were then 200 feet above the present level of the plain below. Near 
the centre of the valley — that is, about twenty-five miles up from the north end of the plain — 
low sandstone hills run out from the Santa Lucia range into the valley in long promontory 
ridges, with flat backs, having a slight slope to the plain, (not more than' three degrees,) the 
lower edge for a few hundred yards being perfectly horizontal and covered with loose sandy de- 
tritus and angular fragments of stone, derived from the strata of the vicinity. A little south of 
this the centre of the plain is occupied with an elevated mass, wliich leaves a passage round it 
between the mountains east and west ; on the former side the Santa Maria runs at present ; the 
latter is not now occupied by any permanent stream. This elevation is steep in the ascent and 
requires to be gained by following to some distance the winding gashes formed in its soft sides 
by the waters rolling off the summit. Its height does not exceed 100 feet, perhaps eighty, more 
correctly. The summit is perfectly flat, in an extended view, and covered with fine sandy clay 
and angular detritus of the sandstones, with a few red jasper and porphyritic pebbles. The 
strata of which this elevation is composed are the yellow and brown sandstones found clothing 
the sides of the San Jose mountains, with the dip of which it corresponds, the beds sloping 
southwest or towards the Santa Lucia range. The width of this elevated flat-topped 'plain 
might be about three miles, and the observed length eight to ten ; how much further south it 
extended there was no means of deciding, as the valley was not traversed further at this point. 
When examined by entering the valley from the south, several weeks afterwards, at the distance 
of more than twenty miles it was not possible to distinguish. But judging from the manner in 
which the surrounding bottom looked, it was conjectured that the southern edge was also sloped 
down, though not as bluff as the north, which has a slope from 25° to 40°. From the edge, 
looking for miles, the river could be traced along its eastern margin in the narrow plain be- 
tween the foot of this insulated elevation and the San Jose mountains, on whose sides, about 
150 feet up, could be traced extended flattened shoulders of the sandstone, forming terraces, 
whose level was nearly that of this plain. On looking west to the Santa Lucia, those prolonged 
spurs, with their terraced edges, corresponded in level with that of the plain under foot, from 
which it was separated by an excavation or drop in the strata three to four miles wide. 

Here were fine examples of denudation and littoral action. The currents, which denuded the 
valley to near its present level, left standing in the centre a mass of sandstone rock, the edges of 
which it wore down on each side to form channels of outlet. It is evident that the soft strata 
of the San Jose range covered up this valley the depth of fully 100 feet above its present level — 
that these have been in great part removed, leaving only the insulated mass in the centre of the 
valley. It is probable this current action was slow and continued, rather than violent and 
short of duration, since there are no masses of rock scattered about the plain— no large pebbles ; 
everything indicates a quiet and easy motion, which, while it undermined the strata in some 
places, and removed them, gently washed and wore them smooth, leaving a beach detritus of 
fine quartz sand, to which the partially decomposed material of the underlying stratum has been 
added since. These waters must have stood above 100 feet over the present plain level, and the 
current probably flowed from north to south, as the southern edges of the elevated mass in the 
centre is of so steep a grade. 

These are the highest indications of water-current action in this valley ; the lines on the 
western side have preserved their parallelism with the central island, while on the eastern 
side the terrace line is somewhat higher up, as if that whole chain had been uplifted since to a 
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greater heiglit tlian tlie plain generally ; there are, however, indications of lower water-level, 
which are less extensive and less distinctly marked ; they occur in the north part of the valley, 
and are disposed thus : The present river flows about four to six feet below its bank ; the 
bottom of the river forms a small alluvial flat about a mile in breadth ; on each side of this a 
higher plain, the more ancient bottom^ extending for a mile on each side, and about twelve feet 
higher than the true bottom ; this ancient bottom reaches to the foot of the mountain ranges. 
Thirty feet high on the San Jose mountains a terrace is found, which may be traced for several 
miles north and south ; the line of this terrace is not horizontal, but apparently falls to the 
southeast ; this may, however, be only apparent, as the level of the plain slopes in the opposite 
direction. Opposite to this, near the camp at Quadre Domingo, the terrace on the sandstone of 
the Santa Lucia is about the same height, and is covered with pebbles of red and green con- 
glomerate, quartz, and porphyry. That on the San Jose is white clay and sand rock, in angular 
fragments, with pebbles of the opalescent quartz found underlying the ostrea bed of Santa 
Margarita ; above this terrace line is that one first described. The order of all these would be 
thus: 



Total elevation above 
sea, in feet. 



Terrace 100— 150 feet high on mountain. 

30 do 

12 old river bottom 

— present bottom 

Eiver.- 4 feet below 



1,690 
1,642 
1,512 
1,500 



Plate 2, fig. 4, affords sections of these terrace levels, and an outline of the valley. 
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CHAPTEE VIII. 

SANTA LUCIA MOUNTAINS. 

Classification of the range. — ^Peculiarity op the range in its axial rocks. — Absence of true granitic rock. — General ele- 
vation, INCREASED HEIGHT TOWARD THE SOUTH. — DIFFERENT LEVEL OF THE VALLEYS EAST AND WEST OF THIS RANGE.— DuE TO TUB 
WIDTH OF THE SAN JOSE GRANITE. — SERPENTINE AND TRAP CONTAINING CALCITE.r^TuFACBOUS DEPOSIT. — MeTAMORPHIC LIMESTONE.—- 

Nature of the changes which elevated this range. — San luis pass. — Volcanic rock occurring in. — Canon of the sajita 
MARIA. — Geological structure in, — Disposition of the mountain chain in lesser ridges. — Age of the sedimentary beds. — 
Are there paleozoic beds in this range ? 

This range lias been incidentally alluded to when noticing the coast ranges collectively under 
division 2, group 3. It is the first of the ranges which are wholly of volcanic rock (as far as 
examined) in passing from the east to the west. The Monte Diablo, the most eastern ridge, 
merges into the Gavilan, which may be considered its reproduction further south. In that range, 
trappean rock, trachyte, and scoriaceous lava, lie upon the east side of the granitic range, and 
for 40 miles disturb the strata ; but the granite still predominates as the upheaving rock. So 
with the next chain to the west, the Point Pinos or San Jose range. It is granitic where the 
axis occurs, the serpentine and trap constituting an upheaving force on the east side, and forming 
a distinct crested hill ; these volcanic rocks further south also disappear as a connected plutonic 
vein, rising up here and there in partial dislocated localities. It is different, however, with this 
range ; the granitic rock is wanting as an axial force, the whole upheaval appearing to be pro- 
duced by trap, serpentine, and amygdaloidal felspathic rock, approaching trachyte in character. 
This class of igneous rock produces uplifts in the northern part of the chain 2,500 to 3,000 
feet ; toward the south a lofty mountain rises in this chain above 7,000 feet high, the streams 
flowing down from the snows and rains of this mountain contribute on its east side to form a 
tributary of the Santa Maria in the extreme southern end of Cuyama valley. The geology of 
this portion of the range not having been studied, owing to rapid transit over the district, 
it cannot be affirmed that primary rock does not exist, but the sky outline of the range, and the 
fact that the washed stones brought down by the stream int6 the Santa Maria valley are all of 
volcanic origin, serpentine, trap and felspathic porphyry, a red, compact, argillitic rock, chal- 
cedonic quartz^ such as abounds further to the southwest in the Sierra Monica, are strong evidences 
of its non-existence ; while- in the localities where the hill range was passed through by the 
survey, no trace of a granitic rock was observable ; trap and its accompanying serpentine were 
the invariable plutonic rocks, sometimes axial, but more frequently elevating the strata to one 
side, and appearing as a naked rock on the other ; this latter phenomenon presenting itself 
where the elevation of the range was not at its greatest ; the general tilt was to the east, and 
when it occurred as an axial rock the eastern slope was the easiest, that of the west being steep 
and above 45*^. 

The valleys east of this range have a much higher level than those west. Santa Margarita 
valley, San Jose valley, and that of the Santa Maria river, are several hundred feet higher than 
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INLAND VALLEYS — SAN LUIS PASS. 59 

the valley of San Luis Obispo ; the lowest of them, the first named, heing nearly 800 feet above 
its neighbor to the west, the valley of San Luis, Hence this range, viewed from the west, appears 
a much more imposing mountain mass than when seen from the interior valleys. 

This increased altitude of the inner valleys named is not to be attributed to this volcanic range ; 
its influence upon the valleys has been but slight, and perhaps only resulted in definipg its limits 
on the west ; the elevation must be attributed to the San Jose granite range, which has elevated 
the whole district east and west of itself ; in the Santa Margarita, San Jose and Santa Maria, 
the dip of the strata under the level of the plain, wherever observed, has always been noticed 
as westward or toward the Santa Lucia range ; this direction being observed up to the very 
base of the latter chain, and the dip less abrupt than that of the volcanic range ; from which 
it would appear that the district was first upheaved by the San Jose range, and that subse- 
quently the trappean and trachytic eruption along the line of Santa Lucia elevated the sand- 
stones to a high angle, carrying up those in proximity to it, but not influencing the strata to 
any distance. The range is thus looked upon as produced by a volcanic outburst upon the 
western edge of the granitic slope, which view explains the sudden dropping down of the valley 
on the west, and the non-existence of granitic rock west of this chain. 

The lowest pass, indeed the only one known over this range, is that from Santa Margarita 
valley into San Luis Obispo valley ; the height of this pass is 1,350 feefc, being 400 feet above 
the level of Santa Margarita and 1,200 feet above San Luis valley. In going through this pass, 
which is about six miles across, upon the summit the trappean rock is met with — an amygdaloid 
augitic variety — the cavities filled with carbonate of lime. A short distance east of this a brown- 
ish trachytic vein appears running westnorthwest. The serpentine conglomerate is found lying 
next to this and dipping southeast or toward the valley ; lying upon these conformably are i-he 
brown and yellow sandstone and fine grits and conglomerates similar to those upon the eastern 
edge of the valley Santa Margarita ; these rocks varied in dip from 15° in the lower part of the 
valley to 55° near the summit. On the west side of the trap occurs an immense mass of serpen- 
tine, compact, in places foliated and rising in a crested hill 1,000 to 1,200 feet above the level 
of the pass ; the descent is very abrupt, over masses of serpentine and sandstone, sloping 
steeply to west ; the brown grits were observed on the west slope ; further south and high up 
on the top of a crest were observed the agatic layers and the beds of ostrea similar to those in 
the Santa Margarita valley. 

Near the summit on the east side a bed of calcareous tufa, of small local extent and not more 
than 20 feet thick, was observed ; on fracturing it some of the exposed portions exhibited the 
impressions of dicotyledonous leaves ; it was looked upon as of recent origin arising from the 
drainage from the calcareous traps. Observing that the cavities of the trap were found filled with 
crystals of calcite, search was made for the rock affording it ; crystals of cromic iron abounded 
also in the trap. Between the amygdaloid and the brown trachyte a dark blue rock, which 
effervesced strongly, was met with — tinged greenish by intrusions of serpentine, veined with 
quartz, and intersected by rhomboidal crystals of calcite — it was evidently a metamorphic sedi- 
mentary limestone; no traces of stratification were observable ;, only 20 feet of it was exposed, 
dipping at a high angle apparently to the west. No fossils were observable in the fractured 
surfaces. 

The party of survey crossed this range again, where the Santa Maria canons through it, to 
reach the Guadalupe Largo plain ; not being present, a geological section was not accurately 
made, but, from the observations kindly made by Mr. Campbell, the same volcanic rocks were 
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60 AGE OF THE SEDIMENTARY BEDS. 

observed as axial beds, bere prodacing an anticlinal axis of trap and serpentine, and throwing 
the serpentine and sandrocks on each side. The beds in proximity to the volcanic rock were 
the serpentine and trap conglomerate, upon these the red and brown grits, and above all the 
soft calcareous and clay beds observed in the Santa Maria valley. The rocks in juxtaposition 
with the serpentine were stated to be very much hardened and metamorphosed. There is no 
distinct pass in this locality, but deep gorges^ the present bed of the river, which winds its way 
tortuously around and across the ridges. The range is not a continued crested ridge but a 
series of smaller ridges 8 to 12 miles long, which have a direction somewhat more east and west 
than the direction of the main chain ; thus, while the trend of the range is north 46° west, 
that of the several links is about north 60° west, running their southern extremities into the 
inland valleys ; through one of these re-entering angles the pass is found. 

The age of the stratified sandstones has been already noticed in describing the Santa Margarita 
valley, in which they occupy a well marked basin position. 

But what shall be said of the metamorphic limestone, found lying below the serpentine con- 
glomerate, and lying between it and trap, to which latter rock it has contributed considerably, 
by the filling up of the cavities ? Were this layer met for the first time it would not have 
demanded attention, but it had been already met in San Jose valley, flanking the serpentine 
along the west of the valley, where it may be traced for 30 miles continuously. Inquiry from 
those living in the Salinas valley near hills, ascertained that it lay up the mountains on the 
east side ; it has been described as lining the San Juan valley on both its sides, and it is well 
known in the neighborhood of Monte Diablo ; on the west side of Gravilan it is found 400 
feet thick, and in Alameda county at Oaklands, nearly opposite San Francisco, across the 
bay, a magnesian limestone has lately been found. Thus a bed of stratified blue limestone has 
been traced on both sides of San Jose valley, and, therefore, underlying it, also underlying 
San Juan ; found on the east side of the Salinas valley, and on the west of Santa Margarita. 
Further south on the Coast Eange it has not been detected, but this may be owing to the fact 
that the upheaval has not been sufficiently powerful, since the green conglomerate is rarely 
elevated in those lower ranges so as to expose its whole thickness. 

Passing inland to the Sierra Nevada^ a limestone bed is also found, as a primary rock, a 
crystalline carbonate, found in the Canada de las Uvas, lining both sides of the pass, found 
in round masses washed out of the Cajon pass, and also in every other pass of the Cordilleras, 
where it was looked for ; it is there in contact with granitic rock, and should it chance to be coeval 
with the blue limestone of the Coast Eange, its characters of resemblance are wholly gone ; 
but what is the ag^ of the latter ? is it silurian, carboniferous, or upper secondary? In the 
absence of the exploration for fossils in the quarries in San Jose valley, or at Monte Diablo, it 
were idle to speculate ; and knowing that in the territories north of this State carboniferous 
limestone does exist, one would be hardy who would deny this to be of paleeozoic age. 

A section of this range, obtained from the canon of the Santa Maria river, is given in figure 2, 
plate 2. Plate 7, figure 2, afibrds a section through the pass of San Luis Obispo, leading into 
San Luis valley, and the relative position of the chain is shown in plate 1, figure 2^ and plate 5, 
figure 1. 
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CHAPTEE IX. 

VALLEY OF SAN ITJIS OBISPO. 

Topography op the valley slops and direction of the strata. — Effect of the disposition of the ranges upon the coast lins 
AND upon the climate.— Drainage op the yalley.— Structure of the coast hills. — Number of the beds included under the 
asphalte groupe.— Polythalamous beds.— Fossils op the group.— Probable geological age op this series. — Relation op 

position to the SANTA MARGARITA YALLEY. — POSITION OP THE GROUP ON SANTA MARIA RIVER.— GEOGRAPHICAL EXTENT.— YaRIETY 

IN DIP. — Alteration in beds subsequent to deposition.— Denudation.— Character op the valley proper. 

The valley or plain of San Luis Obispo w iseparated from that of Santa Margarita by the 
Santa Lucia mountains; between this range and the Pacific ocean is a plain in which the 
village of San Luis Obispo lies, and from which the plain derives its name. 

The level of this valley is much below that of Santa Margarita, its altitude not much exceed- 
ing 150 feet ; it slopes gradually to the ocean, from which it is separated by a range of hills 
which stretch from the shore to a distance of six miles inward ; these hills do not exceed 600 
feet high, and dip variously in opposite ends of the valley ; about the San Luis river, which 
finds its way to the sea through a break in them, and from thence southward the strata dip 
toward the shore, while in the northern part of the valley these strata dip toward the valley. This 
different dip is caused by the serpentine and trappean protrusions, which are the elevating rocks 
of the valley, passing across the strata in an oblique line from N. W. to S. E., not producing 
anticlinal axes, but simply lifting the beds to the east at the north end of the valley and to the 
west on the shore. The consequence of this different dip is evident by inspecting the coast 
line^ north of the bay of San Luis, where the dip is to the east and the lowermost beds of the 
series are exposed ; these are hard conglomerates of a greenish tint, arising from pebbles of 
serpentine and trappean rock, and have a dip from 15^ to 20° S. 35° E. Here the strata stretch 
out into the sea and form bold headlands which are washed and torn by the force of the 
waves ; this character of shore line continuing to Estero bay on the north, where, owing to 
the occurrence of the soft uppermost rocks on shore, the sea makes an inroad, which is checked 
further north by the sharp crest of the Santa Lucia range, at Punto Gordo. Between this 
headland a:rid the south border of the Estero bay the valley of San Luis extends, opening to the 
N". W.^ and allowing the winds and moisture to enter and supply it with a much greater rain- 
fall and heavier dews than are to be found in the valleys east of the range ; owing to this, as 
well as the lesser altitude, the climate is warmer, and the vegetation approaches an intertropical 
character. 

The eastern margin of the valley is formed of the sandstone lying against the serpentine axis 
of the Santa Lucia range ; these sandstones dip toward the valley, and are lost beneath the 
alluvium. 

Along the east side of the valley, lying close to the foot of the sandstones, (not more than one 
mile west,) is a series of elevated buttes of serpentine and trappean rock, which can be traced 
traversing the valley from its northern limit, following the base of the Santa Lucia range, of a 
triangular form, the serpentine, lying on the west side of the butte, forming its chief mass 
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62 ASPHALTE GEOUP POLYTHALAMOUS BEDS. 

and determining its crested outline ; the eastern slope of the conglomerate rock is at an angle 
of 45°, serpentine lying underneath it and protruding on the western edge of the buttes. 

Further to the south these buttes converge in direction, or nearly so, with the upheaving rock of 
the low hills along the coast, and both unite in closing the San Luis valley to the south, form- 
ing the elevated land of Napoma, and thence south till the valley of Ouadalupe Largo is 
reached. 

From these buttes the valley is a plain or a gradual slope from four to six miles, when the low 
hills between it and the coast are encountered ; towards these hills the waters roll and find 
their way partly out by low passes into the ocean, while in some places large ponds and 
marshes are formed by their collection. The low hills of the coast can be well seen immediately 
west of the town, whence the river, which waters the village San Luis Obispo, finds its 
way out west of the Corral de Piedras. The first stratum met with is a thick bed of con- 
glomerate and grit rock ; beds of quartzose pebbles, cemented by a calcareous clay paste, of a 
greenish yellow color, mostly made up of broken trap rock, a few serpentine and porphyry 
pebbles, are also enclosed^ but it is chiefly trappean, and is thus easily distinguished from the 
green conglomerates of the Santa Margarita valley. The thickness of this bed is not less than 
300 feet, including some intercalated layers of finer yellow grit with white quartz pebble ; 
above this is a yellow sandstone, soft, and easily disintegrated ; this sandstone is 150 feet in 
thickness ; then occurs the asphalt rock, a greenish yellow bed, where not highly charged 
with bitumen ; where it is, it is blackish, composed of fine grains of white quartz, cemented 
together by a calcareous and clay paste ; some layers in this bed were highly charged with 
foraminifera ; the total thickness of this asphalt group of rocks here might be about 120 feet. 
Upon this reposed a layer of soft, white felspathic clay rock, in a state of minute division ; in 
places so soft as to be readily cut with the knife ; in others, hard, and almost slaty ; in places 
partly calcareous ; in others, pure argillite, or kaolin clay. These beds were a little thicker than 
the foregoing, and perhaps were 200 feet in thickness. In these occurred the area obispoana, ' 
of Conrad's report. As these beds were first encountered in this plain, and were afterwards 
found at several points along shore to the south as far as Los Angeles, and as they are almost 
always associated with asphaltum, they will deserve a somewhat fuller notice. 

The total thickness of these beds approaches 800 feet. From the Santa Lucia sandstones it 
is Ideally separated by the serpentine buttes and intervening valley. Its geological connexion 
could not be traced at this point, the lowland and swamp of the valley occupying a large 
surface. 

In the lower conglomerate no fossils were observed, nor in the yellow sandstone lying above 
it ; the two upper beds contained fossiliferous layers : the asphalt rock containing the 
polythalamous shells, and the soft argillite containing impression^ of area obispoana, this 
fossil cast alone being found ; while in other places, broken casts of fish scales and dorsal 
spines of minute dimensions were found scattered throughout. 

The upper thirty feet of this stratum is harder, and approaches a slate, readily splitting into 
thin laminae « This and the cream yellow tint, with the included fossil, serves to recognize 
the bed. 

The polythalamous layers were intercalated between strata of fine sand rock, made up of 
minute rounded grains of transparent quartz, not cemented, but adhering by cohesion ; these 
could be separated at the edges by mere pressure of the fingers. Among the polythalamia, the 
forms of rotalina and orbicularia were the most abundant. 
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I am inclined to look upon this series as the most recently elevated strata in California ; the 
upper soft rock, which is the most persistent and easiest recognized, being the distinguishing 
stratum. I have not observed them north of San Luis bay, not having reached the coast north 
of that point. It is likely they extend along shore to Punto Gordo ; the deeply excavated 
beach would imply some such soft rocks at the base of the Santa Lucia range. ' From San 
Luis, south, they may be traced, by Napoma, along shore, and occupying the low hills of the 
Saint Inez range, at Point Concepcion ; thence under the terrace at Gaviote pass, and along 
shore, close to Santa Barbara, where it rises up to form a terrace cliff barrier 100 feet high. 

From Santa Barbara it may be traced, not far from the shore, to San Buenaventura ; and 
east of the Santa Clara river it leaves the shore, running directly east, and forming the upper 
beds of the low hills called the Sierra Monica^ whence they may be found running out north of 
the town of Los Angeles. 

In the Santa Margarita valley these strata were not observed occupying a prominent posi- 
tion — perhaps the centre of the plain may be occupied by them — but they were found in the 
northern end of the Santa Maria valley, where they form the latest beds of the San Jose moun- 
tains on both slopes, and are found occupying a position superior to the ostrea and pecten 
beds, corresponding to those described in the account of Santa Margarita valley. In the valley 
of Santa Maria river they were found traversing the base of the hills about 150 to 300 feet 
above the level of the valley ; upon these layers the lowest hill terrace of the valley was placed, 
the strata extended twenty miles along the hills towards the head-waters of the river. This 
is the furthest point inland at which they were observed, about sixty miles from the sea. In 
their extended course (above 200 miles from north to south) they have a varied dip along the 
San Jose range, whose axis is granite ; they are unaltered in character, and have an elevation 
on the east side not more than 15°, while on the west it approaches 45°. 

In the valley of San Luis the dip is 20°, while along the coast at Gaviote pass it is 40° 
Both in Saiita Barbara and Los Angeles counties it varies from 8° to verticality, in proportion 
to its proximity to the trappean and trachyte eruptions. In the eastern end of the Sierra 
Monica, north of Los Angeles, the strata are almost vertical. 

Though not observed further north on this survey than Estero bay, there is no reason to 
doubt of their occurrence in the valleys of the Coast Eange further inland. From Dr. Trask's 
description, I am inclined to think that beds found by him near the mouth of the Pajaro river 
and those observed by Mr. W. P. Blake, near the town of Monterey, are extensions of those to 
the north. Dr. Trask notices that these beds, the two upper series of the group described 
here, are never found at a lofty elevation— that they are not found above an altitude of 500 
feet. This was also observed upon this survey, with one exception, the Santa Maria valley. 

Everywhere these beds have been observed^ they seem to have suffered extensively by 
denudation. In San Luis valley, towards the south, these strata merge into the San Lucia 
range, and shut up the valley in that direction. Around the town of San Luis, and north to 
the ocean, these soft strata have been removed, and have left only the harder conglomerate 
standing here and there as landmarks to indicate the former position of the strata. 

The history of these beds would be incomplete if notice was not taken of their occurrence upon 
the hills which form the divert between the valleys La Purissima and Santa Inez. In descend- 
ing this hill slope on the southeastern side, or entering the Santa Inez vatley, the upper yellow 
slate was met, forming the sides of a canon down which the wagon road led to the valley ; on 
examining these shales, they were found to contain in places the impressions of numerous bodies 
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of small fish— only the marks of the vertebrae and ribs were discernible — the scales of which 
had only been observed in the San Luis valley and elsewhere ; intermingled were some fractured 
impressions of dorsal spines. In the same locality was found very beautiful impressions of 
pecten discus ; lower down the strata became black from asphaltic impregnation. 

This description completes the history of these upper strata of the valley San Luis. In 
noticing them, as occurring in other places, reference is made to this locality for a knowledge 
of their characters to avoid repetition. They are the most recent of the consolidated rocks of 
California ; they have suffered the most extensively from denudation, and upon them, either on 
their edges or their slopes, the terraces and the raised beaches are found, and they are constantly 
associated with outflows of bitumen. 

Between the serpentine and trappean upheaval, on the east side of San Luis valley, and the 
conglomerates of the bituminous group on the west, the valley proper is located ; the surface is 
covered with alluvial clays, the whole depth of which cannot be estimated, as no borings have 
been made, and not more than twenty feet of reddish yellow clays and light gravel were 
observed in the river courses. As the centre of the valley has suffered so much from denudation, 
it is probable that the ancient alluvium is also very deep. The valley, at present, slopes 
slightly to the northwest, where it opens on to the ocean, the direction doubtless which the 
denuded matter took when it was being removed from the plain. 

A section of the valley is given on plate 7, fig. 2, and plate 1, fig. 2. 

In plate 7, the upper strata of the valley are illustrated. 
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CHAPTER X. 

SANTA BAKBAM MOUNTAINS. 

Situation and extent of this range,-— Absence of primary rock.— Repetition of upheavals.— Secondary axes, their number and 
POSITION. — Eastern limit op the range at san Buenaventura river. — Erroneous views put forth by recent writers. The 

SANTA BARBARA MOUNTAINS MUCH MORE RECENT THAN SAN BERNARDINO. — DIFFERENT POSITION OF THE AXES OF THIS CHAIN FROM 
THAT OF THE OTHER COAST RANGES.— GrANITE OF MATILIHAH.— VOLCANIO ROCKS OP THE CHAIN — AmPHIBOLE AND FELSPATHIC— 

Position of the axial rocks found in the plain.— Position of serpentine as a massive rock— Associated minerals.— Ele- 
vating POWER OP the igneous ROCKS.— BeD3 OP LIMONITE.— WiDTH OP VOLCANIC VEINS.— SeXJIMENTARY BEDS.— DIFFERENT POINTS 
OF OBSERVATION. — CLASSIFICATION OF THE STRATA. — POSITION OP CAMP XXII. — MeTAMORPHIC ROCKS.— DiP OF THE SANDSTONES — 

Enumeration of the strata in the santa inez valley. — Gaviote pass — Peculiar features of. — Elevated terrace of the 

SANTA BARBARA SHORE — GEOLOGICAL STRUCTURE OF. — ENUMERATION OF THE STRATA ON THE SOUTH SIDE OF THE RANGE. — PrOBABLE 
THICKNESS OF THE STRATA. — FORAMINIFEROUS AND ASPHALTIC BEDS ALONG SHORE. — DEVIATION OP THE SHORE LINE. — EviDENCE OF 
RECENT UPHEAVAL. — UPHEAVAL OF THE STRATA EAST OP TOWN OF SANTA BARBARA. — PoiNT RINCON. — ANALOGY IN STRUCTURE WITH 
QUESTA SAN MARCUS — POSITION OF STRATA ALONG SAN BUENAVENTURA RIVER. — SuLPHUR SPRING AND BITUMEN BEDS. — TbRRACED 
VALLEY HIGHER UP. — CHARACTER OP THE DISTRICTWHERE THE SOURCES OP THE BUENAVENTURA ARISE. — Qp THE FOSSILS CONTAINED IN 
THE STRATA ON THE NORTH SIDE. — Op THE FOSSILS CONTAINED IN THE STRATA ON THE SOUTH SIDE. — RELATION OF THE BEDS ON EACH 
SIDE OP THE AXIS TO EACH OTHER, AND TO THE PANZA, SANTA MARGARITA, AND SAN RAFAEL STRATA. 

This sierra, one of the most important and well defined of the ranges in the State, extends in 
a direction nearly east and west, forming the prominent crest of hills observed in sailing from 
Point Concepcion towards San Pedro. The length of the chain is from ninety to one hundred 
miles, the whole extent of Santa Barbara county, and its greatest width, at any point, is not 
more than ten miles, and toward its western edge considerably less. Viewed from the sea, it 
forms a lofty and decided barrier, rising from 1,300 to 2,000 feet above the plain, its naked 
sandstone summits presenting rugged angular sky outlines of an uniform character throughout 
its entire length. The chain is almost unbroken in its entire extent, in one or two places 
only being interrupted, as at Gaviote pass. The Questa San Marcus cannot be deemed, 
properly, a pass, as there is no gorge through the range, but rather a mountain trail, which 
takes a smooth summit as a crossing. 

There is no primary rock observable in the entire chain, the upheaval being produced by 
a series of serpentine and volcanic protrusions, repeated at separate intervals between Point 
Concepcion and the Buenaventura river ; at this latter point this chain of hills terminates. 
Between this river and the point as many as five distinct axes of volcanic force can be dis- 
tinguished, each of them producing a link or wave in the chain which drops down toward the 
shore, and is replaced by another which lies close at its back, thus forming distinct ridges 
without distinct breaks forming passes. 

These secondary axes are in order from west to east : 

Axis 1. Northern extremity, terminating in Point Arguello and the southern west of the 
Gaviote pass. 

Axis 2. That of Punto Sal and La Purissima, running west of Mission Viejo and east of 
Gaviote Pass. 

Axes 3 and 4. Two small axes occupying the chain along shore from Ortegas ranch to four 
or five miles north of Santa Barbara ; axis 4 terminating at Eincon. 

Axis 5. Axis terminating four miles up the San Buenaventura river. 
9 U 
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6S INDEPENDENT ELEVATION OF THE RANGE. 

At the San Buenaventura this range may he said to terminate. The hilly country lying 
east of that river and of the Santa Clara, the sierras Susanna and Monica, have an elevating 
cause different from that which raised the Santa Inez, neither are the same series of brown and 
yellow sandstones repeated in them to at all the same extent. The dip of the strata do not 
correspond, and involving as they do different stratified beds, they should not he included in 
the Santa Inez range. 

It is necessary in this place to insist npon the fact that the Santa Inez range is limited 
toward the east by the rivers before mentioned, inasmuch as an opposite view has been taken 
by two writers on Californian geology. 

Mr, W. P. Blake* puts forth the view that all these strata from Point Arguello, eastward, 
have been elevated by the mass of granite forming the San Bernardino mountain, whose 
influence he believes to spread thus far to the west, and also to have produced the lone hills of 
the desert and basin upon the east. 

It is contrary to good reasoning to adopt a remote cause when a proximate one equally 
efficacions can be found. The dip of the sandstones forming the sides and slopes of the Santa 
Inez chain is not that which could be produced by San Bernardino. The general dip is south- 
west, verging round to south, and occasionally to southeast ; the dip should be uniformly west 
if produced by that mountain range. Again, the strata of Santa Inez range are more vertical 
than those in immediate contact with the granite of San Bernardino, that is to say, the strata 
more distant have a greater dip than those in proximity, a circumstance which should lead us to 
suspect that that enormous mountain mass was not the upheaving cause. Besides which, in 
several places on the chain, there are anticlinal axes produced by the volcanic upheavals. 

It is strange that Mr. Trask should have adopted this view, and expressed himself so 
decidedly in his report as to class the Santa Inez mountains under the name of the San Ber- 
nardino mountains, to the confusion of topography and lr>oal names. '^ The inception," says he, 
^^ of this chain on the west was stated to occur a few miles north of Point Concepcion, and to 
follow the above trend (due east and west) nearly, or perhaps quite, to the Colorado river. ''f 
From his description he must have crossed this range in two places, and how he omitted observ- 
ing the volcanic rocks, producing in places anticlinal axes, it is difficult to imagine. These 
hills, when viewed from the valley of Santa Inez, have their escarpments boldly looking 
toward the north, and tilted southward at a high angle, a condition of strata impossible to 
reconcile with their dependance upon San Bernardino mountain, lying 200 miles due east. 

It is much more reasonable to suppose that the elevation of this range is much posterior in 
time to that of San Bernardino, and was produced by the same forces which elevated the Santa 
Lucia and San Eafael hills, acting in a direction somewhat more east and west than the other 
ranges, yet still in a direction more northwest and southeast than due east and west. The 
shore-line is in the latter direction, while the Santa Inez range deviates considerably ; thus, at 
Eincon and near Santa Barbara it stretches into the sea, while fifteen miles west it is several 
miles inland. The direction south 70^ east, would represent the lines of force which have 
upheaved the links of the range ; the results of these upheavals we will presently consider. 

Between the disposition of the Sierra Santa Inez and that of the more easterly coast ranges 
there is this difference : that while the other ranges are disposed so by virtue of their axial 
forces running along the direction of that range, the Santa Inez mountains are ridges e7i 
echelon^ interlocking with each other, and running from west to east along a land previously 

'"' Report of a Eeconnaisance and Survey in California, in 1853 : H. Doc. 129. 

f Eeport on the Geology of the Coast Mountains, (State Document,) Sacramento, .1855. 
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upraised by the granitic mass which lies between Matilihah and the Santa Lucia mountains ; 
an upheaval through which the Peyrou river has cut its way, forming deep canons, and which 
extends west to the head waters of the Santa Inez. It is, in fact, this immense mountain 
district which gives origin not only to that stream, but to all the larger rivers of the south. 
From it the Santa Clara derives its larger tributaries ; and from it, as a central point, flow the 
San Buenaventura, Santa Cruz, Sangre de Crista, and not only the Santa Maria itself, but the 
large tributary which flows east of the San Eafael ridge into that river, in the Cuyama plain. 
This granitic mass is a branch of that which forms the Cordilleras and the San Jose range ; 
upheaved about the same time, and having the same character of granitic rock, it drops down 
very abruptly to the west^ as it is not found in the Santa Inez, the San Eafael, or the Santa 
Lucia mountains, which all appear to radiate from the common centre. That it has not 
influenced either those mountains or their valleys is evident by its non-appearance in place, 
by the axes of those several chains being found to be of a different character, and by the general 
depression of the valleys with the rivers flowing down them. 

The rocks of the Santa Barbara chain may be treated under the heads of volcanic rocks and 
sedimentary rocks. 

VOLCANIC EOCKS. 

The various species which enter into the composition of the axial rocks are trap, amygda- 
loidal and scoriaceous lava, talcose and whitish magnesian rock, passing in places (as in the bed 
of the Santa Inez river, near the Mission) into' white tremolite. This latter variety forms the 
intrusive rock in the western portions of the range, rising up and forming small hills on the 
left bank of the river in the Santa Inez valley. At the western edge of the valley they pass 
N. W. and enter a low range of hills, which cut off this valley from that of La Purissima, and 
which run toward the ocean, forming the headland Punto Sal. 

Upon these amphibole rocks lie the mass of sandstones known as the Santa Inez or Santa 
Barbara Hills. The occurrence of an elevating axis occupying a low position, or, as it were, 
at one side of the strata upheaved, is of common occurrence in the southern valleys of the State, 
so that the primary rock is often found occupying the plain, and the sedimentary strata form 
the mountain mass or elevated land. 

Further to the east of this chain serpentine rock is found as the axial rock, either alone or 
with amygdaloidal trap, sometimes accompanied by trachyte or scoriaceous lava — the former 
occurring at Questa San • Marcus, the latter at Kincon, east of Santa Barbara. Iron pyrites 
abound in the sandstones at San Marcus, and small masses of free sulphur accompany it when 
in contiguity with trap. Near Eincon it is also found abundantly, but in this latter place it 
appears to have been produced by deposit from volcanic exhalations in the gaseous form, rather 
than by decomposition of the^sulphuret. 

The igneous rock of the extreme west of the range is serpentine. This rock may be seen in 
large masses stretching into the sea at Point Arguello. In the extreme east of the range at 
Buenaventura river the rock is amygdaloidal lava, a reddish rough aluminous rock, the cavities 
sometimes filled with white magnesian clay, sometimes with carbonate lime, and occasionally 
altogether empty. 

The result of these igneous rocks passing in the S.E. direction, and upheaving the strata, is 
to present at times the back of the strata, and at times the edge to the shore, and allowing both 
sides of the axis to be examined. There are several points along the range where the strata 
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may be observed dipping both ways. This occurs at San Marcus pass and east of Santa Barbara, 
where at two points the chain may be observed to be broken through, and the strata tilted both 
S.E. and S.W. by the volcanic protrusion; about 4^ miles E. of the town of Santa Barbara 
this may be as well seen. The same may also be observed in the chain near Carpenteria. Thus, 
the strata are not only elevated by these magnesian and laval rocks, but they are also inclined 
in various directions in conformity with the direction and extent of those upheavals, proving 
that the elevation of the range is due, not to the granite of Bernardino, but to the magnesian 
rocks and trachytic lavas found in situ. 

Accompanying the volcanic rocks are small beds of limonite (bog iron ore) arising from the 
decomposition of the pyrites found in contact with the trappean lava. The deposits are small 
and unconnected, and does not warrant the belief that extensive collections could be had of this 
useful ore. 

The space occupied by the intruding rocks is rarely great. The widest veins were those 
observed in Santa Inez valley, at the point indicated previously, where the tremolite and am- 
phibole rocks might be 150 feet in width. The serpentine has rarely been observed in one single 
place so thick, though often occurring in several seams parallel and contiguous. On the shore 
at Eincon the laval vein was 24 feet in width. 

SEDIMENTARY STRATA. 

The upheaved beds have been observed at several points, with results indicating considerable 
uniformity ; they have been observed on both sides of the axis. In Santa Inez valley at Camp 
22. The north side was examined, while the southern dip was observed at the G-aviote pass, 
and generally along the range to San Buenaventura river. 

The various strata may be divided into five distinct groups : 

Group 1. Greenish grits and fine conglomerate sandstones. 

Group 2. Arenaceous sandstones. 

Group 3. Brown and drab colored sandstones, coarse and gypseous. 

Group 4. Calcareous sandstones, with veins of calcite. 

Group 5. Whitish slaty argillite beds. 

All of these beds were fossiliferous. Groups 1, 4, and 5 were best displayed in the Santa Inez 
valley, south of the river ; while beds 2 and 3 constituted the chief mass exposed in the southern 
slopes, forming the bare and brownish crests and slopes which render the chain so similar along 
its whole extent, and which has a remarkable resemblance to the appearance of the sandstones 
on the two Panza hills. 

In the order given above, these groups were observed either in passing from the shore into 
the Santa Inez valley, through the Gaviote pass, or in passing from Camp 22, in the valley, 
down the creek toward the mission, and the trail leading to the pass ; or, finally, by passing 
over Questa San Marcus,* or up the San Buenaventura river, where a cross section of the range 
was obtained. 

Camp 22 was favorably placed for observing the strata on the northeast slope in the Santa Inez 
valley, situated on the left bank of the river, two miles up a small creek, and overlooking the 
valley, above which it might be elevated 100 feet ; it lay almost upon the axis of the range, 
which here crossed in a S.E. direction. Trappean rock^ a brownish augitic variety, accom- 

*-' For the geological information of this pass and a few other localities, I am indebted to my friend and fellow traveller 
A. H. Campbell, C. E. 
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panied with reddish, jaspery sandstone and serpentine in veins^ constituted the volcanic and 
altered rocks of the upheave. 

These metamorphic rocks occupied the foot hills of the range which immediately overhung 
camp, and presented cliff edges or forming hold escarpments. These rise for several hundred 
feet at such a steep angle that it is difficult to ascend them on foot without deviating consider- 
ahly ; they presented to the eye only a mass of brownish red and yellow sandstones, which, 
when the ascent was gained, were found to dip south a few degrees east. The mountain here 
was not a single chain, but presented two crests through the depressions, in the further one of 
which the ocean was descried. The second range also dipping similarly to the south and east, 
they appeared to be repetitions of each other. In passing through the G-aviote pass a similar 
duplicate stratum was observed. 

From the camp to the river Santa Inez the strata dipped in the opposite direction — that is, to 
the N. W. — and thus sections were afforded on each side of the axis, whose course here was N. 76 
W., (magnetic.) 

The sections on the valley side were : 

1st. A little above camp and close to the axis, although not observed in contact with it, a 
greenish grit passing into conglomerate ; where the rock approaches a fine grain it becomes 
calcareous, containing small grains of crystalline carbonate of lime. The exposed thickness of 
this bed was 200 feet. 

2d. Brownish yellow sandstone, coarse grained, containing layers and seams of gypsum in 
places, and decomposing irregularly^ so as to form cavities — fossiliferous. 

3d. Whitish yellow sandstones, with fossil casts injured, followed by brownish flagstones ; 
thickness, 200 feet. 

4th. Sandstone grit, calcareous, and having flinty lamin83 and veins of calc spar ; this bed has 
layers of ostrea and pecten in great numbers ; 160 feet thick. 

At this point the bed of the Santa Inez river is reached, on the opposite side of which were 
observed the layers of the white fissile argillaceous rock already alluded to as found on the hill 
dividing the valleys Inez and La Purissima. 

In figure 1 of plate 3 a section of the northern beds is given. 

The section on the south side of the range was afforded by passing down the Gaviote pass. 
This is a cleft in the range carried down to the level of the surrounding land, and having a 
small stream traversing it. It is much blocked up by masses of sandstone which have fallen 
from the overhanging ledges of rock on either side. The mean width of the bottom of the pass 
might be about 50 feet, divided between the stream and the wagon road ; it is in places only 
30 feet ; the road necessarily very rugged and contested often by the brook. With a little 
work, however^ it might be made a good road, and appears to be the natural route to cross these 
mountains from the southern counties to reach San Luis Obispo and the north. 

The pass occupies the position of a synclinal axis, the strata being bent downward on each side 
to this point, where, being fissured and broken by the pressure of the uplifting axes on either 
side, the debris has been removed by the usual actions of weather and running water. 

Plate 4, figure 1, gives a view of the pass looking south, and figure 2 represents the ideal 
condition antecedent to the removal of the ruptured portion. 

In the pass the sandstones dip at angles varying from 25° to 40° in the direction S. 15° E. 
Between the pass and the shore is an elevated plateau, or terrace, perfectly smooth, and with a 
gentle slope to the ocean, above which it is raised at least 80 feet ; the strata on shore dipping 
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at an angle of 40° into the sea and form a bulwark of natural masonry against further encroach- 
ments. 

This elevated terrace continues the whole way from Point Concepcion to Santa Barbara ; along 
this distance it is cut into here and there by numerous arroyos running down from the moun- 
tains ; these cut their channels 15 to 30 feet down through the soft argillaceous and sandstone 
rock, not only exposing their layers, but also disclosing a peculiar feature in the geology of this 
southern coast, namely, that the low terraces and undulating hills close to shore are cut into by 
talcose and magnesian rocks, which have altered, contorted and tilted up the strata until the 
angle is almost vertical, and in some places making them incline the other way, or from the 
shore inland ; this latter direction may be seen wherever the mountain range is more than five 
miles from shore ; then the volcanic rock may be traced running through the mounds along 
shore^ making the strata incline toward the mountain range. This is visible near Mr. Hiirs 
ranch, a few miles west of Santa Barbara, and is also remarkable in the Los Angeles valley. 
These elevating forces, though more recent than those which upraised the mountain range, were 
still antecedent to the elevation of the whole land above the water level, inasmuch as the smooth 
and denuded surface of the upper edges of the strata which form the floor of the terrace indicate 
the long continued action of the sea flowing over it. 

To return to the sections of strata of the sierra on the shore side of the range, commencing at 
the water's edge, and passing along the terrace up the pass into the valley of Santa Inez^ the 
following was the superposition of the beds : 

1. Whitish yellow argillaceous beds, alternating with thin arenaceous slates ; dip from 30° 
to 60° S.E., intruded upon by magnesian rock. This is the same rock as that described as 
occurring on Santa Inez river^ and on the road to Purissima ; also, similar to those on the 
terraces of the Santa Maria river, in Cuyama. 

2. Beds of sandstone — grits fine and coarse— brownish in color, weathering irregularly, and 
containing ostrea in layers; the stratum containing this bed is 10 feet thick. Then follows 
greenish brown sand rock, containing impressions of fuci, broken and imperfect— a soft stone, 
readily crumbling. 

3. Brown sand rock, fine grit ; containing a bed of fine grit with Ostrea Fanzana, 10 feet 
thick, accompanied by Natica Inezana, This bed contains some hard flagging layers lyiug 
above the ostrea stratum ; thickness, 150 feet, 

4. G-reenish sand rock, with calcareous layers, containing jpec^e^^, ostrea, turritella, and pacJty- 
desma. This bed forms one of the loftiest in the pass. 

5. Brown sand rock and greenish conglomerate — very similar to bed 2, on the north side ; 
thickness, 200 feet. 

In continuing up the pass beds 2, 3, and 4 were met ; the repetitions of these strata on the 2d 
ridge. These terminate near the river, in the valley Santa Inez. It is difiicult to estimate 
exactly the total thickness of the strata, inasmuch as those hidden beneath the terrace, whose 
position is beneath 1 and 2, extending three-fourths of a mile from the sea to the mountain base, 
may be but repetitions of similar strata contorted by the magnesian rocks. The thickness of 
the strata in the pass is about 950 feet, and above 200 feet more lies further down outside ; so 
that, allowing 150 feet for bed 1, the total thickness of the group cannot be less than 1,500 feet. 

At the camp situated 5 miles N.W. of Santa Barbara, among the foot hills of the range, the 
strata containing pecten meekii, with veins of calcite, were found Ijing behind camp, and were 
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quarried as a source of rough, lime. A section of the strata on the south side is given in figure 
2, of plate 3. 

Upon the terrace, near Ortegas ranch, an arroyo cuts its way through to reach the shore, 
disclosing the terrace strata tilted up at a high angle and bent, and the whole swept smooth by 
denudation. This is illustrated in plate 3, figure 3. The intruding mass is a magnesian and 
ferruginous clay, with seams of gypsum and traces of sulphur, probably separated by decompo- 
sition from pyrites. This upheave has occurred beside the foraminiferous bed of the asphaltic 
group, or tbe San Luis beds ; this, in its elevation, carried before it the soft, white argillaceous 
beds of San Luis, (stratum 1,) and bent them completely, forming an arch over the intrusive 
substance, beside which is a gray, dark sandstone rock here seen dipping under it. 

Near this ranch, upon the shore, the asphaltic strata again shew themselves ; a thickness of 
about 6 feet is exposed in the edge of the cliff on shore, the beds dipping into and under the sea. 
The lower layers are dark greenish, with an upper layer two feet thick of yellow sandstone. 
The layers are fissured, and the cracks filled in with bitumen ; the latter is washed ashore here 
by the tide in masses from ^ pound to 4 and 6 pounds weight. An examination did not 
discover any deposit of it at this point of the terrace, but there is no doubt that some miles out 
at sea a dislocation of the strata allows the mineral to escape and to be washed ashore. At 
times, as when the wind blows on shore, the whole air is impregnated with the bituminous 
odor, which is thus disseminated for miles over the low lands. The strata, which at this camp 
(24, on the terrace) are covered up almost entirely by the tide, a little further east are exposed, 
and form the low hills which lie immediately west of the town of Santa Barbara ; the shore 
line here commencing to deviate near to the south, leaving a larger interval between the base of 
the mountains and the sea. As this distance widens to six miles, the high terrace drops down, 
and in its place are undulating swells of land, 100 to 150 feet, lying along shore, and cutting 
off from the sea a low and fertile valley, very little above the level of high tide, and which is 
in part occasionally overflowed by it. Mr. HilFs ranch is at this point. Before the last eleva- 
tion of the land which raised it above sea level, this was an arm of the sea stretching up to the 
base of the mountains. It is now a fertile valley, and, between grantees and squatters, well 
filled up. 

The asphaltic shales at this point are conformable with the white agillite rock found at the 
cliff edge, G-aviote pass ; as these beds have been fully noticed elsewhere, (see San Luis valley, 
and the chapter on bituminous effusions,) their further consideration may be dispensed with. 

The Santa Inez range sends out a terminating ridge a few miles east of the town of Santa 
Barbara, produced by one of the protrusions of igneous rock, in a southeast direction, throwing 
the upraised strata in opposite directions, making the dip vary from northwest to southeast 
within a few hundred yards. In this part of the chain, the volcanic forces cannot be said to be 
quiescent as yet. On Dr. Bobbins' ranch, which lies near this spur, occasionally fire, smoke, 
and sulphurous vapor has been emitted, from fissures in the rock, in large quantities within a 
few years past. A similar volcanic vent exists at Bincon. 

This point (Bincon) is interesting as being the termination, along shore, of that link of the 
range which lies behind Santa Barbara town^ and over Questa San Marcus leads. The axial 
rock is scoriaceous lava^ resembling, in some places, furnace clinkers ; in others it is a whitish- 
gray, hard trachytic rock. It is not more than twenty-five feet wide on shore, running into 
the sea to form a prominent headland. The stratum seen in contact with it is a soft, reddish 
sand rock of an ochry tint, then whitish clay rock, then green sand rock with layers of bitumen, 
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and then seams of gypsum, the stratum fractured and re-cemented ; while veins of pyrites 
accompany the white clay rock, which is there hard and flinty. The bright red tint of the 
stratum near the trachyte is very noticeable, and, with the hardening of the strata, is the result 
of plutonic action decomposing the pyrites. A similar appearance of the strata was observed 
by Mr Campbell on the San Marcus pass, where he also found a serpentine axis accompanying 
the trachytic lava ; the decomposition of the pyrites was there effected on a much larger scale, 
considerable deposits of sulphur being found in clefts and chinks of the sandstone strata 
impinging on the axial rock. Limonite occurred in partial deposits near that locality. 

Eincon is the most easterly locality where the axial rock of the Sierra was observed along 
shore. In passing up the river San Buenaventura, about two miles above its mouth, an anti- 
clinal axis occurs on the right bank of the stream ; the sandstone strata form low hills there, 
and the igneous central rock is not upraised ; this low range, which the river cuts through, 
and has worn into it a wide valley bed, is two and a half miles across in width, from the shore 
northward ; still higher up the river, another range is met six miles north of the first, there 
reddish amygdaloidal trachyte, having a dull earthy fracture, crosses the river in a line northwest 
and southeast. On the east side of the river, and contiguous to the igneous rock, a spring, 
which deposits sulphur, is met, and beside it a large outflow of asphalt, solid along the margin, 
but toward the centre readily yielding to the pressure of the mule's foot, and in places oozing 
up in the condition of a syrupy liquid. The rock through which the bitumen is effused is a 
yellow sand rock. 

Above this point the river bed widens and opens into a valley bounded by mesas or terraces 
given off from the hills, and having an elevation of fifty feet above the river valley; these mesas 
are of sandstone covered over with its own detritus, the wear of the foot hills. A lofty range 
bounds this valley on the north and northwest, which may be considered as the eastern continu- 
ation of the San Luis Obispo hills, while those to the south may be looked upon as the Santa 
Inez and San Eafael mountains, the two ranges being here blended thus closely together so as 
to become intimately one. The elevation of this valley is about 700 feet above tide level, 
and is called by the Indian name Mat-ili-hah. 

^ The Buenaventura river has its source in this northern range. In the glens between the 
ridges it courses its way downwards, crossing augitic dykes and metamorphic rocks, over which 
it forms cascades, until it finds its way into the valley of Matilihah ; in this upper course it 
heads considerably in the west, and finds its source not many miles apart from the sources of 
the Santa Inez river. The exploration of the upper waters of this river was a fatiguing and 
difficult performance. The strata met with were hard sandstones, conglomerates, chloritic 
slates, and augitic trap, with amygdaloidal trachyte. Beds of black shale, accompanied with 
sulphuret of iron, occur, intercalated with the hard gray sandstone. Sulphur springs are 
frequent in these strata, which are sometimes elevated, and sometimes only cut through by the 
trachytic rocks. No developments of serpentine were met in these hills. These strata may 
be looked upon as very much altered in character, and have little resemblance to those lower 
down and nearer the coast ; they resemble more the beds found flanking San Emilio, and 
the whole region may be considered as the commencement of that mountainous district which 
extends north to Tejon and the Sierra Nevada. 

From this region the Santa Inez mountains are separated by the little valley Matilihah, and 
from the sierras Susanna and Monica by the valley of the Santa Clara river. Their eastern 
and northern termination has been now traced. The whole sierra is made up of sandstones of 
various degrees of fineness, highly calcareous in a few beds, and fossiliferous in almost all ; the 
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fossils included belong to the upper Miocene group, corresponding to the ^^ Faluns" of M. 
Cordier, which from its great thickness forms one of the most remarkable features in the geology 
of California. The soil, formed by the debris of the strata, varies with the nature of the stratum 
decomposed. The green sandstones are calcareous, and form a fertile soil^ while the brown and 
yellow sandstones form only a barren sand by disintegration. 

In the strata on the north side of the mountains (in Santa Inez valley) the following fossils 
were obtained, (for the description of the species vide Palaeontological Keport.) 

In the lowest stratum, (nearest camp,) bed 2 : 

Mytilus Inezensis, TurriteUa Variata, 

Pachydesma Inezana, 
constituted the only species, but existing in remarkable abundance, in some layers pachy- 
desma predominating, in others turritella. 

In the sandstones which lay above this bed, which were of a light yellow tint, bed 3, were : 

Tagelus, (GuUellus, Conrad,) Tapes Inezensis, 

TurriteUa Variata, Orassatella collina, 

Cyclas permacra, 
along with comminuted portions of an Ostrea. 
In the upper bed, bed 4, were found : 

TurriteUa Inezana, Cyclas EstreUana, 

Natica Inezana, Cyclas permacra, 

Pecten Magnolia, Pecten (perhaps young magnolia.) 

Balanus Estrellanus, 
In the strata on the south side were observed, in the Gaviote pass : 

Crassaiella collina, Turritella variata, 

Ostrea Panzana, Pachydesma Inezana, 

Mactra Gaviotensis, Tapes Montana. 

Mytilus Inezensis, 
Among the foot hills, near Santa Barbara, (Camp 25 :) 

Pecten MeeJcii, Cyclas EstreUana, 

Natica Inezana, Pecten discus, 

Balanus Estrellanus, 
and southeast of the town of Santa Barbara the foot hills contain a layer of Ostrea Panzana, 

It is highly probable that the brown and yellow sandstones of the Gaviote are the middle beds, 
and lie between beds 1 and 2 of those on the north side ; they possess Turritella and Pachydesma 
in common with the northern beds, and have the ostrea layers extensively developed. The beds 
at Camp 25 are the representatives of bed 4 of the north side, but possessing the Pecten Meekii, 
a fossil also present in the foot hills of San Kafael sierra, where it is accompanied by Balanus E,, 
rendering it exceedingly probable that the strata of San Kafael are similar to those of Santa Inez. 

The upper beds on the north side, as well as the upper beds on the south side, are distinguished 
by the abundance oi pecten, it being the dominant shell. 

Mytilus and Pachydesma dominate in the lower beds of the north side, while they are sparing 

fossils of the Gaviote, where ostrea is the dominant shell. The numbers of species common to 

this sierra and the slopes of the San Jose mountains, at Panza, show that similar conditions 

existed 100 miles further inland, as at Santa Inez, yet the absence of Asterodapsis, Pallium, 
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and Ostrea Titan, show that they may not have been under like circumstances of depth or deposit. 
It is still further removed from the groups of Santa Margarita, having only Oyclas and Balanus 
in common. As both Panza and Margarita now occupy positions several hundred feet above 
the G-aviote beds, they may, even in the period of deposition, have been on a more elevated base, 
and as the deposits were from the east and north, they may have so thinned out in the deep 
waters as to leave but slight representatives. All the strata appear to thin out towards the 
south ; the sandstones, of Santa Inez range at Gaviote are apparently much thicker than at 
Buenaventura. 
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CHAPTER XI. 

GEOLOGY OF THE SIEUEAS SANTA SUSANNA AND MONICA. 

Geographical position oe these banoes. -External form of the hills.-The two chains separated by conejo pass and 

SEMEE CEEEK.-AnALOGY OE THE STRATA OF THE SIERRA SDSANNA WITH THOSE ON THE SAN BUENAVENTURA AT MATILIHAH.-CON- 
NEXION OE THE RANGE WITH THE OORDILlERAS.-SlERRA MONICA.-TrAPPEAN EOOKS.-SlOW DISINTEGRATION.-EfFEOTS OF— 

Absence of timber.- Contrast oe semee plain with the valleys of enoima and tricmpho.-Traohytio upheaves.— 
Traces OF TWO different volcanic eorces.-Trachytio rocks and Auomo trap.-Enumeration and order of the sedi- 
mentary BFJ.S.-FOSSILIFEROUS SANDSTONES AND LIMBSIONES.-LlSI OF EOSSILS.-SlMILARITY OE THE SUSANNA AND MONICA 
RANGES.-OCOUKBENOE OJ THE ASPHALTIO GROUP IN THE LATTER EANOE. -EXTENSION INTO LOS ANGELES VALLEY. -THICKNESS 
OF THFi BEDS OF THAT GROUP. -EeSUME OF THE STRUCTURE OF THESE BEDS. -PROBABLE THICKNESS OF THE SEDIMENTARY STRATA. 

These hills occupy tlie triangular space comprised between the Santa Clara river, with its 
valley on the north, the ocean on the south, and the plains of Los Angeles and San Fernando 
to the east, embracing a district 40 miles long from west to east, and 26 miles from north to 
south. They constitute distinct ranges of hills, running in a direction neafly east and west, 
having a slight northeast trend. 

They present in outline a series of rugged angular crested hills, which run parallel and rise 
to an altitude of two to three thousand feet. As many as four of these ridges may be counted 
in the Sierra Susanna, which lie most northerly, and are first met in passing up the Santa Clara, 
against which river valley they abut their western edges. Each chain to the north lies a little 
east of its neighbor, and thus the Santa Clara valley runs northeast until the river finally winds 
behind the most northern ridge, and separates it from the Sierra Madre or Cordilleras, leaving 
a communication by a pass between the Santa Clara valley and the plains of San Fernando. 

The two sierras are separated from each other by the Conejo pass, a considerably elevated 
plain rising from the Santa Clara valley and passing in a line N. 30° B., enters the San Fernando 
valley at its northwest corner ; as the pass narrows it loses its plane character, and is cut 
across in places by ridges of plutonic rock. Down the slope of this pass rolls the Semee creek, 
a small stream which fertilizes the pass, and finds its way into the ocean at the eastern end of 
the Santa Clara valley. The ranch Las Posas lies upon this creek, at the point where it leaves 
the pass to flow through the valley below. To the north of the pass lie the Sierra Susanna; 
to the south, the Sierra Monica. 

The Sierra Susanna, where observed, was made up of the red and yellow sandstones, similar 
to those observed upon the Buenaventura river, crossing it 12 miles above the Mission. In the 
most southerly of the ranges the strata dip N.E. about 18° to 20°. No primary rock is observed 
in this sierra, the intrusive masses being amygdaloidal trachyte and felspathic porphyry rock. 
Only the southern slopes of these ranges were observed, those upon the north side not having 
been traversed. This range is connected at its southeast extremity with the Cordilleras by an 
upheaval of trappean rock, which, starting from these hills, runs northwest toward the shore, 
carrying upon its flanks the same sandstones, which may be traced from the Cordilleras to San 
Buenaventura. 
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76 STEUCTUEE OF THE SIERRA MONICA. 

Sierra Monica, — These hills lying parallel with the road were better observed ; lite the fore- 
going, they are made up of parallel ranges running easterly, and rising to a considerable height 
in the centre of the range. The volcanic rocks have there elevated the whole mass of the sur- 
face considerably, so that even the valleys are several hundred feet above the Santa Clara river. 
Semee plain, which lies at one of the most elevated points of this region^ having an altitude 
of 1,400 feet, is a small valley, surrrounded by igneous rocks, which rise a few hundred feet, 
forming bounding walls. The buttes, which lie east and west, are a reddish felspathic rock 
full of amygdaloidal cavities, some of which are encrusted with a yellow zeolitic powder. It is 
not unusually rough to the touch, but is slow of decomposition, forming a thin soil, which does 
not remain attached to the hill, but is washed down, leaving the sides of the butte naked, and 
incapable of supporting any growth of timber. The absence of trees of any kind upon these 
hills strikes the observer at once as a phenomenon very remarkable, where a few miles travel 
could present him with luxuriant growths ; as the hills are unclad, so of course are the vallies, 
the latitude being too low for arborescent growths, and thus an air of perfect sterility crowns 
the whole ; while, a few miles south, lyiug upon the calcareous sandstones, the small valleys of 
the ranches Encima and Triumpho are covered with evergreen oak, loaded with the hanging 
ramalina, and growing on rounded knolls well covered with grass. South of these valleys a 
high range runs east and west, cutting them off from the coast, which may be reached by deep 
cuts or drops in the range, the centre or axis of which is the red felspathic amygdaloid alluded 
to — a trachytic rock ; this upheave tilts the strata to the northwest, (between Camps 34 and 35,) 
which is the general dip of all the sedimentary rocks of the vicinity, save where they are again 
broken by dykes of augitic rock. There appear to be two volcanic forces at work in these hills : 
1st. The trachytic rocks, including the amygdaloid and the compact red felspathic variety, 
which encloses small angular crystals of quartz and glassy felspar. These occupy both the 
small isolated buttes on the plain as well as the centres of the lofty ridges; and 2d, augitic trap, 
which does not form an axial rock, but partially uplifts, and cutting through the strata forms 
dykes of more or less thickness ; the former of these volcanic rocks runs from east to west, (N. 
80^ W., S. 80° E.,) the other more north and south; thus they cut across and intersect each 
other, and contort the strata considerably. 

The sedimentary rocks are brownish, white, and greenish sandstones, including calcareous 
layers, which are highly fossiliferous. The arenaceous beds of the sandstones are poor in fos- 
sils where examined, containing mytilus Inezensis, and are either a felspathic sandstone, with 
angular quartz particles, or they are a soft greenish sand rock, similar to that which is every- 
where along shore associated with the bitumen. 

The order in which these beds are exposed are north of Semee plain, reckoning from above 
downward : 

1st. Keddish sand rock, 100 feet exposed; 2d. Whitish grit, 80 feet exposed; 3d. Yellow 
sandstone, with a calcareous layer 14 feet thick,150 feet exposed. This last rock is in contact 
with an augitic dyke ; in the calcareous layer are found well preserved natica, cardium, 
and turritella. 

The foregoing strata have a general dip to the north, which, in the majority of observations, 
did not exceed 15°. 

In passing from Camp 34 to 35 the road lay over some elevated strata which formed the 
divort between the plain Semee and the ranch Triumpho. The capping rock of this locality 
is a soft brown sandstone grit, which readily decays, forming a quartzose sand, which accumu- 
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lates in hollows. This sandstone corresponds to the third bed, mentioned above as north of 
Semee; it included a bed of bluish limestone, a compact, and heavy rock. The whole mass of 
sandstone rises about 600 feet above the plain, has an easterly trend extending to San Fernando 
plain. 

Both this brown sandstone and the included limestones were fossiliferous, the latter abounded 
in vegetable remains and estuary shells. The sandstone fossils were few and very difficult of 
preservation. The following species were collected from these strata, the descriptions of which 
are found in the Pal^ontological Keport appended : Lutraria transmontana, Axinea Barbarensis, 
Natica Inezana, Ostrea subjecta, Gyclas permacra, Tapes montana, Ferna montana, Tapes 
Inezensis, 

Except tapes montana, lutraria, and perna, the other fossils were found in the hills bound- 
ing the plain of Santa Barbara, and lying at the base of the Santa Inez range. 

As the reddish sand rock which forms the base of the Monica hills is also found in the Susanna 
range, there can be but little doubt that these mountains are but repetitions of each other, and 
both but the continuations of the strata immediately superimposed upon the Santa Inez range of 
sandstones lying further west. The existence of mytilus Inezensis in this shows the continuity 
of the bed, although otherwise not containing many fossils. 

Tapes, lutraria, natica, and perna were found in the layer of limestone described as existing 
in the yellow sandstone, (bed 3.) Ostrea subjecta was not found in place by the writer, but was 
brought in and described as found in a very loose clay rock ; its position must have been 
superior to any of the other fossils of this section. This limestone was probably of estuary or 
lacustrine origin, judging from the minute paludinal shell present in it, and from a nodule of it 
containing some fibres of endogenous wood. The whole nucleus was silicijS.ed and of a brownish 
hue. 

Lying above the foregoing series of rocks, but not observed occurring everywhere throughout 
this range of hills, are the beds of sandstone grit and fine argillite rock which we have described 
in connection with the bituminous rock almost wherever examined. It is in this range seen at 
the eastern edge, in the valley of Los Angeles, north of the town, where the asphalt springs 
exist. It also constitutes the uppermost strata of the hills at the coast near San Pedro. At 
these two points in this twenty miles apart the dip varies. At San Pedro it is a gentle dip 
northward. At Los Angeles it is almost vertical. In the latter place the strata are hard, rino- 
to the hammer, and are rendered metamorphic by the volcanic protrusions. At San Pedro they 
are soft clay and sandstones. These upper beds of the sierra are the same as described under 
the term of asphaltic and foraminiferous beds when treating of the valley of San Luis. In these 
hills (Sierra Monica) they appear unaccompanied by the trappean conglomerate reported in that 
valley as being the inferior stratum ; at least this conglomerate was not recognized from Point 
Concepcion eastward. Here, also, the upper strata are less thick, not more than 175 feet. 
North of Los Angeles they occur in this order : 

Yellow clay rock, shaly 30 feet. 

Whitish soft argillite 25 feet. 

' Yellow sandstone, with quartz layers, bituminous 120 feet. 

Total thickness of upper beds 175 feet. 

As the lithological and fossil characters of these beds have been already described, it is un- 
necessary to repeat them here. 
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Thus the Sierra Monica appears to be made up of strata over 500 feet in thickness, which are 
susceptible of division into two groups : 

1st. The hard sandstones, both red and yellow, which were observed along the Buenaventura 
river, and which contain calcareous layers that are highly fossiliferous. Similar beds are 
found on the low hills near the Indian villages, four miles west of Santa Barbara. The thick- 
ness of these over 300 feet. 

2d. The bituminous and argillitic beds — soft rocks^ — including foraminiferous beds, found 
along shore near Arroyo Hondo and at La Purissima, and described under the report on the 
valley of San Luis. Total thickness nearly 200 feet. 

Both of these groups are uplifted, contorted, and altered by the volcanic rocks which 
elevated them. 

The Sierra Susanna was but hastily examined ; only the lower beds of the Monica hills 
(group 1) were observed. It is probable that group 2 would be on its northern flank ; but this 
district was not travelled over. 

An outline of the order of position o± the strata of Sierra Monica is given in plate 5, figure 
2 ; also in plate 4, figure 5 ; and plate 7, figure 1. 
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CHAPTER XII. 

PLAINS OF SAN FERNANDO, lOS ANGELES, AND SAN BEBNARDINO. 

Position and extent of the alluvial plain at the base op the Cordilleras. — Subdivision. — Altitude of the plain. Second- 
ary VALLEYS.— Variable fertility.— :Vegetation of the upper plain.— Supply of water by rivers and sequias.— Variety 

AND BEAUTY OF THE FLORA.— GrAPE CULTURE.— OrANGES.—AppLES AND PEACHES.— NuMBER OF VINEYARDS IN LOS ANGELES 

VALLEY.— Manufacture of brandy.- Mode of cultivating the grape.— Stock supported by the valley.— Stock raised in 

CALIFORNIA IN 1854. — INCREASE OF 1855. — GEOLOGICAL STRUCTURE OF THE PLAIN. — DIFFERENT DIP QF THE STRATA.— QUATER- 
NARY DEPOSITS.— Artesian borings.— Nature of the soft beds. — Origin of the clays and gravel.— Absence of boulders 

AND POLAR DRIFT. — BORING IN SACRAMENTO VALLEY. — VARIABLE DEPTHS OF BEDS ABOVE BLUE CLAY.— LENGTH OF PERIODS OF DEPO- 
SITION. — Conditions of the plain during the deposit. — Partial denudation of the detritus. — Review of the deposit op 

QUATERNARY CLAYS. 

Lying at the base of the Cordilleras, in parallel 34^^ is an extensive plain, which slopes 
gradually from that range to the shore of the ocean in a southwesterly direction, and embraces 
a vast area, being a hundred and eighty miles long from east to west, measured at the base of 
the Cordilleras, and narrowing to 30 miles at the shore of the Pacific, presenting a blunt pyra- 
midal form, the flattened apex being to the ocean. Its greatest extent in a line due north and 
south is 40 miles. This great expanse is broken into by a low range of tertiary hills, which 
run from west to east, at an average distance of 13 miles from the foot hills of the Cordilleras, 
and thus divide the area into an upper and a lower plain, which are connected by wide passes 
in the tertiary hills, the present valley beds of the various streams which roll from the base of 
the mountains to the sea— as the Eio de los Angeles, Eio San Gabriel, and the Kio Santa Anna. 

These have worn their way through the low hills and formed those passes during the present 
epoch, the whole range of tertiaries having formed one continuous chain previous to the last 
geological change. 

The result of the wearing down of these hills by the rivers is to connect the upper and lower 
plains together, and thus divide the whole Pacific slope into several smaller valleys, which 
receive distinct names, as the San Fernando valley, the San Bernardino, and the Los Angeles 
valleys or plains; strictly speaking, they are not valleys, but ancient alluvial plains. 

Between these and the ocean is another low range of tertiary hills, which separates the slope 
from the present shore, and gives rise to the accumulations of water both on the surface and in 
extensive deposits beneath. The elevation of the plain varies exceedingly in its upper and 
lower limits ; the following are the altitudes of a few points examined, given in feet : 
In the upper portion of the valley — 



Kikal Mungo ranch 1307 

Sycamore grove, (Cajon pass) 1900 

San Bernardino town 1118 



Mission of San Fernando...... ,.. 1048 

Jurupa 1000 



San Pedro 30 



In the lower portion — 

Los Angeles 457 

San Gabriel 354 

It may be remarked that the base of the Cordilleras along its whole extent presents consider- 
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able uniformity of elevation, and the valley at its upper limit has an average level of 1,200 
feet. In the extreme east of the valley it becomes more elevated as it approaches the lofty 
Sierra Bernardino. The whole of this portion of the plain is less continuously level than the 
western, being broken into by the extremities of the ranges, which are here slightly elevated, 
and which rise to a considerable height as they approach' Temescula mountain, a lofty granitic 
mass lying midway between San Bernardino mountain and the shore. These narrow the plain 
at the N.E. extremity at the same time that they elevate it. Those mountains have between 
them secondary valleys which pour their little streams into the Santa Anna. The plain as a 
whole maybe divided into two: that whose elevation is from 900 upwards, and that which 
descends from 900 down to the level of San Pedro. 

In the former would be included the San Fernando valley and the plains of Kikal Mungo 
and San Bernardino; in the latter would be the plains of Los Angeles, San Gabriel, and Monte. 

This extensive plain is separated from the Santa Clara river valley by the Sierra Susanna, 
already described, which run into and join the sandstone hills forming the foot hills of the 
Cordilleras. The elevation of that valley, where it is entered from San Fernando plain, is 
nearly 1,300 feet, (1,286.) 

Along this uniform slope, averaging 14 feet to the mile from the Cordilleras to the shore, a 
great difference of fertility might be expected, a diversity of soil and a variety of vegetation ; 
but it is not so. The diversity of growth is more evinced by the appearance of timber on the 
streams than by the growth of grass ; and with regard to the soil, it is an uniform mixture of 
clay and rolled pebbles, forming a light brown loam, with a considerable growth of vegetable 
mold in its superficial portion. The soil of the lower plains is finer and more clayey, but one 
common statement might comprise the soil of the whole plain in its utmost extent, namely : 
local and defined beds of clay, (modern alluvium,) resting upon a bed of fine conglomerate 
clay and gravel, (ancient alluvium.) 

In the upper plain, about the town of San Bernardino, near Jurupa, and on the Cajon 
creek, near the pass, sycamores grow abundantly, near water, with oaks, alders, and cotton- 
wood ; there the oaks, button-wood, and sycamores increase with the altitude, and are found 
plentifully on the foot hills, both of Kikal Mungo and San Bernardino. 

The upper plains are much better watered than the lower, partly from more rain falling on 
the more elevated surface, but chiefly because the rivers as they roll down the valley are 
gradually absorbed by the porous and sandy nature of the soil, which in places is of great 
depth. Thus a few hundred yards below the town of Los Angeles, the river, in summer time, 
ceases to flow, it being mostly removed by infiltration into the subsoil, and partly by evapora- 
tion from the heat, which, for a few months in the year, is very intense. Indeed, everywhere 
over the whole region the rain fall, which does not exceed 16 inches yearly, is not sufficient to 
support vegetation, and hence, in the upper valleys at San Fernando and at Kikal Mungo, irri- 
gation by sequias is had recourse to ; and without this system the plains of Los Angeles could 
not produce the excessive crops of grape vines which they do. In the spring and early summer 
there is abundant water derived from the melting of snows on the Kikal Mungo and the 
San Bernardino ranges, which are occasionally retained on their summits to the middle of 
summer, and supply the numerous arroyos and creeks that find their way into the San Gabriel 
or Santa Anna rivers ; besides which, the dews which fall nightly in spring are very heavy and 
are equivalent to a mild rain fall. 

A very fine meadow grass grows in portioni^ of the valley, and the wild oat is common over 
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the whole extent. East of Los Angeles, and between Monte and the Oajon, hundreds of acres 
were occupied with sunflower, (Helianthus petiolaris ,) of unusual height, 10 — 12 feet, in blossom 
and often disputing the road by their numbers. A hundred other species of more humble 
growth, but exceeding it in beauty, covered the whole surface of the plain, rendering it a 
beautiful object to behold: among these were the species Calendrina viola, (pedunculata,) 
Gilia, (five varieties,) Eritrichium, (fulvum,) Nemophylla, mimulus, orthocarpus, pent- 
stemon, erodium, and salvia.* Above all were conspicuous the Escholtzia, (Californica,) 
and the salvia, which by their scarlet and red flowers gave to the base of the hills the appear- 
ance of a finely dotted carpet. Nor should the wild mustard and the clover be forgotten. 
Under the latter name come the ^^ alfalfa,'' which is extensively spread over the valley and 
ripens its fruit in autumn ; the stalk then dies and scatters its capsuled seeds on the ground, 
where they form so thick a layer as to mask the ordinary growth below and give an air of 
barrenness, from their brown color, to a soil essentially fertile. A prickly burred capsular 
surface invests the seed, whence it has derived the common name of burr clover. It is highly 
nutritious, and much sought after by the domestic cattle, who devour it with avidity, and upon 
which they fatten when other leguminous plants and grasses fail from drought. 

That portion of the plains which do not much exceed 1,000 feet in elevation are admirably 
adapted to the culture of grape and other kinds of fruit which require a warm and constant 
temperature. The vineyards of Los Angeles have been long famed for their productiveness in 
supplying the more northern sections of the State with the grape, the pear, apricot, peach, 
apple, and fig. During fruit season the steamers from San Pedro go up laden with grapes, 
peaches, and pears, which are delivered at San Francisco and Sacramento. The apple does not 
grow to any great perfection, owing to the climate and latitude being too near the intertropical 
zone, but the pear, the peach, and the fig trees, bear very abundantly. 

The orange has not of late been extensively cultivated, although it ^rows remarkably w^ell. 
At the mission San Gabriel are large orchards of this tree growing in the open air, and ripening 
their fruit at the close of the month of May. Its cultivation can be made as profitable as any 
other fruit production, owing to its luxuriant growth, and, as already a few small orchards have 
been planted around the pueblo of Los Angeles, there is little doubt that in a few years this 
fruit will form a staple article indigenous to the plains. The climate and soil appear both to 
have united in favoring the growth of the grape in California. Commencing with a few cuttings 
which 150 years ago were transported from Malaga to this country, it has spread with remark- 
able rapidity and rendered itself almost a native in its quick growth. The number of vineyards 
in Los Angeles county are (1855) 125, each producing seventy thousand pounds of grapes 
annually, or making an aggregate of above nine millions of pounds. The value of the grapes 
varies according to the time they ripen and are in condition to be shipped, ranging from three 
to twenty cents per pound. It is estimated that two-thirds of the whole amount shipped would 
not exceed three and a half cents. Under the present culture there is much loss from neglect 
and inattention, not harvesting them sometimes until heavy rains come, when they are rendered 
worthless. 

The rough estimate made of this growth sets down one-half of the entire crop as being manu- 
factured into wine and brandy, one-quarter sold for shipping, and one-quarter for domestic use, 
including waste and loss ; very nearly 100,000 gallons of wine and brandy are manufactured in 
the county annually, which is valued at |2 per gallon. In 1854 it was calculated that $50,000 

^' Fi^e Botanical Eeport and synopsis. 

11 u 
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was paid out by shippers for grapes during that season, which was much beyond that of any 
preceding year. 

Most of the fine graperies near the pueblo Los Angeles extend along the river side. One 
proprietor^ Don Luis Vigne, had 42 acres under his vineyard, the largest in the county. The 
vines are planted in rows of hills, the plants being about 6 feet apart each way. They are 
watered by sequias or open drains from the river, which roll in a channel down one side of an 
allotment with side sluices for allowing small streams to flow in between the rows and irrigate 
the ground. The watet is allowed to lie on the surface from 4 to 6 days, and then shut off, and 
this process of irrigation repeated several times during the early growth of the fruit. 

But little attention was bestowed upon the manufacture of the wine, and the article, until within 
the last few years, was not what either the climate or the variety of vine would warrant. A 
Mr. B. Wilson has commenced the manufacture of a sparkling wine, which is said to be equal 
to if not superior to the Catawba. 

The natural gramineous and leguminous plants indigenous to these plain support an immense 
number of stock of a wild, shy and intractable character. But little attention has been 
bestowed upon the rearing of cattle, and no cultivation of dairy produce has yet been attempted. 
These plains are the headquarters for the supply of stock to the northern parts of the State, 
and since the number of cattle driven over the plains into California has sensibly diminished, 
it is to these extensive prairies that the supply of Sacramento and San Francisco is due. 

A local paper of credit* places the amount of beef stock then (1855) in California, exclusive 
of arrivals during that year^ as follows : 



Counties. 



Los Angeles 

San Bernardino 

San Diego 

San Luis Obispo _ 

Santa Barbara 

Monterey- 

Alameda 

Contra Costa 

Add three tenths for other counties 
Total' of native stock 



No. of cattle. 



101,800 

27,000 

8,100 

12,500 

40,050 

32,900 

8,200 

4,000 



234,550 
67,365 



301,915 



The natural increase of 1855 was large ; in San Bernardino it was, over and above sales, 
21,000 ; in Santa Barbara 7,000, and in Monterey 3,000. 

The cattle brought over land during the same year was calculated at 100,000 head ; one third 
of those sent from the east usually perish on the way. 

The geological structure of this plain is somewhat different from that of any region which 
has been described. Its northern boundary are the sandstones which lie on the flanks of the 
granitic axis of Kikal Mungo mountains. As these sandstones extend westward in a continuous 

'=• California Times and Transcript, 1855. 
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line to form the Sierra Susanna, and as they have there been recognized as similar to those on 
the Rio San Buanaventura, which are certainly Miocene, it may, perhaps, without error, be 
asserted that here they are of a similar age. They constitute lofty hills which have suffered 
very much from denudation, and which are daily losing by the effluent streams which carry 
down their detritus to the plain. The low ranges which intersect the plain and divide it into 
two are the outliers of the Sierra Monica, which stretch toward Jurupa, and have suffered by 
the fluviatile erosion already alluded to, and belong to a later period of the same group. These 
strata dip north, while the Susanna sandstones dip south on the north side of San Fernando 
plain. The low ranges of San Pedro, which extend along shore, are a repetition of these beds 
further inland. These strata also dip to the north. Thus two basins are formed by the dipping 
of the strata. In the San Fernando and San Bernardino valleys the strata dip toward each 
other, while in the Los Angeles plain it is only the southern ridge of San Pedro whose strata 
dip north. The hollows formed by the slope of the strata is filled up by Quaternary clays and 
gravels, the depth of which can only be, estimated approximately ; in the Los Angeles valley 
more exact information has been gleaned, owing to the sinkings made for an artesian well a 
little outside and west of the town. The selection of the spot was most unfortunate for success 
and might have been avoided by a little geological knowledge. During the period of visiting 
these plains boring operations had been suspended until the arrival of fresh apparatus from San 
Francisco.* The augur had already perforated 540 feet without meeting with water ; a heap of 
bluish plaster clay with yellow gravel of granitic pebbles were the only indications of the sub- 
terranean constituents. Messrs. Butt and Wheeler stated that, after passing through 30 feet of 
clay, sand and gravel were the chief beds met with ; solid rock, however, had not been reached 
when the labors were suspended, so that these incoherent Quaternary beds were over 500 feet in 

thickness. 

Dr. Trask, who examined this locality during the period of artesian boring, gives the following 
as the thickness and nature of these beds to the point at which the sinking had then reached, 
(400 feet.)t 

1. Alluvium, 6 feet. 

2. Blue clay, 30 feet. 

3. Drift gravel, 22 feet. 

4. Arenaceous clay, 16 feet. 

5. Tenaceous blue clay, 160 feet. 

This catalogue only embraces 234 feet ; further enquiry at the pueblo only showed that 
nothing but blue clays of various degrees of coherence were met with. This would give to the 
lower bed a thickness of above 300 feet. Such a thickness of deposit might be attributable to 
the local circumstances, namely, a deep trough in the sandstone strata under an elevation 
almost vertical, close by ; yet that these incoherent beds are usually of great depth is evident 
from the smooth surface of the whole plain, which preserves its gradual slope from the Cordil- 
leras to the ocean, independent of the dip or upheaval of the strata beneath. Again, when 
looking from the south entrance of the Oajon pass towards San Bernardino, at an altitude of 
2,000 feet, there may be perceived a broad terrace at the base of the mountain, consisting of 
loose conglomerates, gravel and clay beds, lying at an elevation nearly 200 feet above the present 



*:>' Rep. Geol. of Coast Mountains ; Doc. 14, sess. 1855 ; Cal. 

t Since his visit a further sinking of 140 feet was made, and then the operation was abandoned from iU success. 



T. A. 



Hosted by 



Google 



84 QUATEENAEY DEPOSITS BLUE CLAY. 

level of the plain in its neighborhood, and which are the only remains of a series of beds which 
have been removed from the lower and more exposed parts of the plain. Its average thickness 
perhaps might be about 200 feet ; the other beds would preserve throughout a pretty uniform 
thickness ; of these, bed 4, an arenaceous yellow clay is described as containing small marine 
shells. The brownish loamy clay (bed 1) is exposed by every creek, and in the sections produced 
by the Los Angeles river several feet of the bluish clay (2) are exposed ; the beds are deposited 
almost perfectly horizontal, and are therefore unconformable to the soft sandstones of the San 
Pedro hills and the Sierra Monica, which in the former case have a dip of 20°, and in the latter 
are in places almost vertical ; they have, therefore, been deposited posterior to the upheaval of 
these soft tertiary sandstones, and the surfaces have undergone no material alteration of contour 
since, the only change being that of elevation of the whole region out of the bed of the sea. 

An investigation into the mineral nature of these various deposits shows that the alluvial 
covering, to the depth of six or seven feet, is aluminous in its finer parts and granitic pebble in 
its coarser, and has been the result of the degradation of granitic and felspathic rocks. The 
soil of the plain is rarely quartzose, except when close to some of the low tertiary hills, which 
alteration may therefore be due to the wash of these latter. 

The blue clay is generally assigned by geologists to a slow deposit of mud produced by the 
sifting action of the tide in estuaries or gulfs where matter is not transported by current actions ; 
it is the evidence of a calm condition of the waters during the period of deposit, and a cessation 
of upheavals of the land contiguous ; the two beds of bluish clay are separated by nearly 40 
feet of gravel and sand. 

The drift gravel (bed 3) consists not only of rounded granitic pebbles, but also those of syenite, 
hornblende schists, metamorphic brown sandstones, trap and amygdaloid ; and the underlying 
sandy bed is chiefly quartzose, and probably is the detritus of the sandstones at the base of the 
Cordilleras. 

There have been no very large stones seen in the drift beds, there are no loose boulders or 
erratic blocks, nor is there, either on the surface or in the deposits, any stone which cannot be 
traced to masses of similar mineral constitution in the ranges bordering the plain. The period 
of general or polar drift, therefore, which was one of the earliest in the Quaternary epoch, passed 
by without affecting California— and it was during the later periods of drift that the processes 
of wearing down continents and depositing them in the seas around took place, and were carried 
out on an immense scale and over an immensely extended period of time. 

Los Angeles plain is not the only one in California where these deposits of clays and gravels 
are of great depth. The borings which have been made in Sacramento and San Joaquin plains 
have revealed a similar structure of basin, while that in Santa Clara valley, Santa Clara county, 
shows that the deposit has not been to so great a depth in that plain. 

Thus, at the Stockton well boring, after passing through red clays, sands, and gravel, the 
blue clay was met with at the depth of 400 feet. 

On the Sacramento valley, observed exposed between the city and Pit river, the lava clays 
and sands covered the blue clay to the depth of (Dr. Trask) 358 feet. 

In the Santa Clara valley, the covering of clay and light sand above blue clay was from 80 to 
115 feet, averaging 90 feet. 

The depth at which the blue clay is reached in Los Angeles plain (234 feet) stands inter- 
mediate between the Santa Clara valley and the great plain between the Coast Kange and the 
Sierra Nevada. The bottom of the Santa Clara blue clay has been reached, and has been found 
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not more than 100 feet in the deepest boring ; the depths of blue clay in the other valleys far 
exceeds that, and has not yet been determined. 

If the periods of clay deposits be assumed (as generally admitted) to be those of repose, and 
the deposits of gravel and sand as the indications of periods of elevation or depression of the 
land, we have in this history of the Quaternary period, derived from the evidence ^afforded by 
the artesian boring in the plain, two periods of repose and three periods of elevations, the 
rapidity and extent of which may be estimated, in some degree, by the textural condition of the 
gravel. 

Of the duration of these periods of upheaval but little can be safely affirmed ; they throw but 
little light on the total length of the Quaternary epoch. As the deposit of fine mud out of 
water has been examined under various conditions, a distant approach to truth may be obtained 
from a consideration of the blue clays. 

These are found 465 feet below the surface at Los Angeles, and, therefore, below the present 
sea level ; while the surface of the terrace on San Bernardino is somewhat above 2,000 feet in 
altitude, and as the beds are horizontal or nearly so, it follows that near Los Angeles the 
deposit took place when the water was over 2,000 feet deep at that point. All the low tertiary 
hills were ledges of rock several hundred feet below low water. The ocean then rolled up east 
of the Cordilleras, occupying the Colorado desert and the Mohave valley ; and the Cordilleras 
stood up like a peninsula in the great mass of waters, with its crests from 3,000 to 5,000 feet 
above the surface, and with a breadth not more than 60 miles from S. W. to N. E. From the 
wearing down of the felspathic rocks, the granitic porphyries, and the dark colored shales, arose 
the blue clays, while the trappean and hornblende rocks formed the material of the coarser 
drift, transported by currents produced by the elevations. The carriage of such coarse matters 
would inevitably remove large portions of the tertiary hills of the plain and form the breaks 
which now occur in what was once a continuous chain, the denuded matter itself going to form 
the bed of arenaceous clay. 

It has been calculated that the deposit going on at present in the Gulf of Mexico, produced 
both by the alluvium of the Mississippi and the transported mud of the Amazon, does not 
exceed more than half an inch yearly. There is nothing in the topographical condition of 
southern California to warrant the belief that the slow deposit could have occurred to a greater 
depth in the same space of time ; for there is no evidence of the double influence of a large 
river and a strong current of sea water coinciding. Admitting, however, that the same rate 
of deposit occurred then as now in the two localities, the period of deposit of the lower blue 
clay bed would be 7,200 years, and of the upper blue clay and gravels above 1,600 years, 
making a total of 8,800 years of perfect repose. If to this we add the periods of elevation, both 
rapid and slow, the total period occupied by the deposit of Quaternary beds would equal the 
period occupied by some deposits of the secondary age. Yet such a calculation would scarcely 
give the total period accurately, since neither has the base of the lower blue clay bed yet 
been reached, nor should the present alluvial surface be looked upon as the last deposit of that 
epoch, or the prelude of the modern period ; since, as has been already stated, the slopes of 
San Bernardino display a series of conglomerates and gravels 200 feet above the level of the 
nearest stream, (Cajon creek.) These are coarse accumulations of primary pebbles and 
granitic clays which have been removed from every portion of the plain where it is exposed. 
In the gorges and canons it still remains ; and wherever a pass has been travelled, there it is 
found, as the superficial covering, between 200 and 300 feet deep ; this, the last evidence of 
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deposit of the Quaternary period, has not been considered in calculation of duration. Yet 
such a deposit must have existed over the plain, and must have been removed afterwards ; so 
that two additional periods would still require to be added to make the calculation complete, 
namely, the period occupied by the last deposit, and the period occupied by its removal. 

From a review of the physical structure of these drifts, it would appear that the upper blue 
clay bed was deposited after the first or lowest bed had been lowered by a gradual subsidence 
of the whole, and this subsidence was probably repeated. The denudation of the upper con- 
glomerates may have been effected by the later upheavals, at which time the base of the sierra 
may have been at the water's edge. During the greater portion of this period the waters east 
of the Cordilleras communicated with the ocean on the west through various channels, of 
which the chief were the present passes — the Cajon, San Grorgono, and New pass. 

Sections of these plains are given in fig. 3, plate 5, and fig. 1, plate Y. 
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CHAPTER XIII. 

GEOLOGY OF THE COKDILLEMS. 

Chain known by the name or cordilleras. — Direction. — Eepetitions of the chain. — Passes. — Character of the cajon pass 
AND SAN GORGONO.— Altitude of the passes. — Conglomerate of the slopes. — Strata in the cajon pass. — Cause of the 

DIP OF THE strata. DIFFERENT ASPECT OF THE CORDILLERAS VIEWED FROM THE WESTERN AND EASTERN SIDES. — AxiAL ROCKS OF 

THE cordillek AS. —Structure AT warner's and the cajon. — The sedimentary strata on the west slopes. — Period of 

ELEVATION OF THE CHAIN.- -SaN EMILIO MOUNTAIN.— GeOLOGY OF THE DISTRICT SURROUNDING.— ThE MOST ELEVATED LAND IN 
SOUTHERN CALIFORNIA. PeRU RIVER. CaNONS OF, THROUGH GRANITIC ROCK. — SEGREGATION OF MINERALS OF THE GRANITE. — 

Cestek PLAIN. — Sandstones of, conformable to the cordilleras but not to the sierra Nevada. — Relative modern 

APPEARANCE OF THE FORMER RANGE. — CONTINUITY OF SAN EMILIO WITH POINT PINOS RANGE. — RaDIATION OF THE CHAINS FROM 

SAN EMILIO DISTRICT. SaNTA BARBARA CHAIN ELEVATED INDEPENDENT OF THE CORDILLERAS. — DIRECTION OF THE VOLCANIC 

FISSURES OF THE COAST RANGES. 

Under this term is included the mountain range which extends from the point of junction 
of the Sierra Nevada and the coast ranges to the Mexican boundary line, and thence southward 
into Lower California, of which it forms the spine. It is not, by any means, a continuous 
chain, but a series of disjointed masses running in a nearly parallel direction, the intervals in 
the chain being the passes from California proper into the desert. 

The direction of the Cordilleras is uniform. If a line be extended from San Emilio mountain 
in a direction south 50^ east to parallel 34°, it will be found to cover the great mass of the 
range lying between these two points, the southern termination being the great mountain San 
Bernardino. The length of this range is about 150 miles. 

Temecula mountain, in 33° 30', commences another range, which extends south 45° east, 
and passes into the peninsula of Lower California. The observed length of this range was 80 
miles. The continuity of these two ranges is preserved by the San Jacinto mountain, which 
lies between San Bernardino and Temecula mountains. 

The passes which occur in these two ranges, leading from the coast into the Great Basin and 
the Colorado desert, are — 

1. San Francisquito pass^ (also called Turner's pass.) 

2. New pass. 

3. Cajon pass. 

4. San Gorgono pass. 

5. Warner's pass. 

Of these, only passes 1, 3 and 5 will be noticed here, as they alone were subjects of observa- 
tion. It may be doubted if passes 1 and 2 are true arrests of the upheaving power ; they might 
be more properly considered as alterations of denudation and fracture, produced in a continuous 
range by actions occurring long posterior to the elevation ; while in the Cajon pass there is a 
wide separation of several miles between the lofty mountain masses of Kikal Mungo and the 
range prolonged northwest from San Bernardino, a separation so wide that, looking from the 
plain at any point south of the pass — as from the Mormon town — a wide passage can be plainly 
discerned between the ranges. The ranges are really connected by the stratified sandstones of 
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the Great Basin, whicli, like a curtain, stretch, across and close up the natural hiatus in the 
upheave of primary rock. Similarly is it with San Grorgono pass ; like the Cajon, its direction 
is south a little east ; and, instead of crossing the mountain mass, it takes a low valley between 
San Jacinto and San Grorgono mountains, and leads into the Colorado desert. 

The elevation of these passes varies considerably. Thus the altitude of each summit above 
the sea is, in feet — 

Of Pass San Prancisquito, 3,437. 

OfNew pass, 8,164. 

Of Cajon pass, 4,6*76. 

Of San Gorgono, 2,808. 

On reaching the summit of any of these passes the strata of the basin and desert (sandstones 
and conglomerates) are immediately encountered ; showing not only the increased elevation of 
the Great Basin above the Pacific slope, but proving the fact of the communication of the waters 
on both sides of the sierra during the period of the deposition of the coarse sandstone (Eocene) 
found forming the rim of the basin. 

In fact, these strata reach the summit of the range in many places, as in Pass San Francis- 
quito, and within a few hundred feet of it, at Cajon pass, and still less at New pass. This is so 
remarkably the case at the Cajon pass as to form the peculiarity whence it has derived its name. 
In ascending this pass from San Bernardino valley, at the level of 2,000 feet, the pass com- 
mences through primary rocks which rise up to no great altitude in the vicinity of the pass ; 
further up dislocated sandstones and alluvial beds, occupying small basins, are met until the 
head of the creek is reached. The primary rocks now no longer appear, yet the summit of the 
pass has not been reached. The valley, if it may be so termed, in which the creek heads, 
faces the south with its only opening, hemmed in on every other side by loose and not very 
well defined stratified sandstone and conglomerate, which rise almost abruptly 700 or 800 feet 
above the creek bed. The edges of the strata, which are almost horizontal, form the walls of 
this cajon, or box, and once no doubt occupied the whole pass to the granitic rim at its southern 
edge ; the fluviatile action during the modern period having worn out the present bed and 
valley in this intramontane locality. The vast amount of rounded driftstones carried down 
into the San Bernardino valley attest how much can be done by a single small stream acting 
during a prolonged period. When it is stated that the Eocene desert beds are found rising to 
the level of all the mountain passes, it is not inferred that the waters on either side of the primitive 
axis were of the depth indicated by the altitude of the passes ; there is abundant evidence of 
the reverse. One circumstance alone would render this unlikely. These desert strata at the 
Cajon are deposited unconformably upon a granite which drops very abruptly, and upon which 
originally it never could have received any marked inclination at the time of deposit. The 
slope is about 7° toward the basin, which is due to the elevation of the Kikal Mungo and San 
Bernardino hills, which, in their final uplift, carried these (once) horizontal beds along with 
them, and thus gave them the dip they at present possess. That this dip is due to this cause 
is apparent by examining the same strata at San Prancisquito and about Lake Elizabeth, 
where they appear almost perfectly horizontal, and perhaps have a dip less than 3^ towards 
the basin. In other words, the difference of elevation between New pass and Cajon pass (1,500 
feet) would account for the variable dip of the strata at the two points. In this case, it is sup- 
posed that the whole chain was of a pretty uniform height throughout its whole extent at the 
time of deposition of these beds, since when, the whole has been elevated slowly — not only the 
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mountain axis, but the desert basin also— yet unequally, so that while one arm of the lever at 
the north rose 3,100 feet, that at the south was uplifted nearly 4,700 feet. 

Standing on the margin of the desert sandstones and looking at the Cordilleras, they appear 
only small hills a few hundred feet in height, while viewed from San Bernardino valley they 
are lofty mountains of an altitude of as many thousands ; so great is the difference of level of 
the upper edges of the strata on the Pacific and the basin sides of the range. The south entrance 
of the Cajon, being 1,932 feet above sea level, is the highest point of the conglomerate terrace 
which skirts the western base of Kikal Mungo and Bernardino mountains. This conglomerate 
terrace (which has been" already described when treating of the plains of San Bernardino) has 
been removed to the depth of two hundred feet, and the lower beds now constitute the level 
plains. This denudation is shown in figure 3, plate 6. 

The axial rocks of the Cordilleras are granitic, varying in type from the western to the eastern 
side, being mostly felspathic (orthose) on the Pacific side, and passing into hornblendic and 
magnesian species on the desert side. This is the order of appearance, whether observed at 
Cajon pass or at Warner's pass. The breadth occupied by these rocks is very different, however, 
in the two situations: in the northern range— the Kikal Mungo hills— the strata, if the term can 
properly be applied to gneiss and hornblende schists, are lifted to a high angle and form the 
lofty sharp-pointed crest of the higher hills, the porphyritic granite having been injected 
through a comparatively narrow rent or fissure of the crust. In the pass (the Cajon) the pri- 
mary rocks do not occupy a surface breadth of more than ten miles. In the southern range, 
south of San Jacinto mountain, the schists and gneissose rocks are not elevated at so high an 
angle, while the primary rock occupies a much greater breadth of ground, at Warner's pass 
the breadth being over thirty miles. In the passes, of course, the 9-ppearance of primary rock 
is always of less amount than in the chain itself, and therefore these figures do not express the 
full extent occupied by the igneous rocks in their average width— at the Kikal Mungo hills it 
would be about sixteen miles, and in San Diego county forty miles. 

As a detailed description of the varieties of igneous rock met in passing over the axis of the 
chain is given when describing the Cajon and Warner's passes, it is only necessary to contrast 
the species found in both situations. 



Cajon pass. 
West. 
Felspar rock, with veins of porphyritic granite. 
Mica slate and gneiss. 

Hornblende schist. 
Hornblende and felspar. 
Gneiss. 
Talcose schists 

Felspathic granite, with wide veins of quartz. 
G-neiss, with hornblende. 
East. 



Warner* s pass. 
West. 
Felspathic granite. 
Granitic porphyry. 

Granite, including gneiss in broken masses. 
Gneiss. 
Mica slate. 

Granite, with hornblende and mica crystals. 
Hornblende and albite, with a paste containing carbonate 

of lime. 
Syenite. 
East. 



Thus, in both instances, the felspathic rocks are accumulated with micaceous granites on the 
west ; and the porphyries — gneiss and schists — rocks on the east, all contain amphibole, either 
as hornblende, actynolite, with tourmalines, or occasionally epidote and talc granite, (protogine.) 

Plate 6, fig. 1, gives an illustration of the strata met with in Cajon pass. 

Upon these axial rocks the sedimentary strata are disposed, unconformably, on the eastern 
slope of the great basin, (Mohave valley,) and lapping round the southern margin of the Sierra 
12 U 
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Nevada. Further south, on the slope of the Colorado desert, gypseous and arenaceous heds of 
the Miocene group are found ; these heds prohably overlie the unconformable sandstone of the 
Mojave valley. 

On the western slope the deposits appear to he all conformable ; but, as along the range 
extending from Temecula to San Diego the strata have been intruded upon by erupted trappean 
rocks, it is difficult to connect the slope of the sandstones with the granite. In San Diego 
county these strata are Miocene ; in Los Angeles and San Bernardino counties the sandstones 
which flank the granitic axis of KikalMungo are certainly conformable, and owe their elevation 
to the upheaval of that range ; the actual age of these strata was not determined in these coun- 
ties, but the continuity of the strata was traced to positions where the age was well known— 
thus, the Sierra Susanna is an offset from the Cordilleras, produced by a lateral upheave in a 
more westerly direction from the main chain ; this upheave carries on its sides (and indeed is 
almost concealed by) the same sedimentary beds ; these are again uplifted in the Sierra Monica 
are found at San Buenaventura, and finally at Santa Inez and Santa Barbara, where these sand- 
stones were perfectly examined, and the examinations of the fossils of which, (by Mr Conrad ) ' 
show them to be Miocene strata. It is the lower beds of the Miocene group, the brown and re'd 
sandstones, which are' displayed on the Pacific slope of the Cordilleras, the upper beds being 
much contorted, so as often to assume a vertical position, and so much abraded as to lie several 
hundred feet below the present level of the valley, the denuded trough being filled up by the 
deep deposits of blue clays and sand treated of when describing Los Angeles valley. 

The Cordilleras, therefore, have been upraised since the deposit of the Miocene beds of Cali- 
fornia, and are thus coeval with the Coast Eanges, with the sierras Santa Inez, San Eafael, and 
San Jose ; indeed, perhaps,- the latter are the true continuation of the same chain toward the 
northwest. Both have the same direction, both have the same sedimentary beds flanking them 
the nature of the axial rock similar, and the volcanic rocks erupted on its sides very similar ' 
and, lastly, both are connected by an intervening mass of mountain, the San Emilio region' 
this district has been only alluded to heretofore by name, and deserves now a more enlarged 
notice The name of San Emilio mountain has been applied to a lofty district which lies 
west of the Canada de las Uvas, between the termination of the Sierra Nevada and the southern 
extension of the Santa Lucia range. Viewed from a distance, as from the northern end of the 
Santa Maria valley, it appears a large well-defined mountain, which stretches east and west 
and rises to an altitude between 7,000 and 8,000 feet ; but on travelling up the Cuyama valley 
to the upper waters of the Santa Maria, and ascending to the sources of this stream, it becomes 
evident that what was apparent as a single mountain is an immense tract of elevated country 
which IS chiefly granitic and porphyritic on its eastern edge, where it is loftiest, and further 
west IS made up of the yellow sandstones and overlying beds which, towards the north con- 
stitute the slopes of Panza and San Jose; these constitute the divert between the Santa Maria 
and the Santa Clara waters, and form the most extensively elevated land of south California 
Both volcanic dykes and veins of porphyritic granite are given off from each side, the formed 
from Santa Lucia and the latter from San Emilio. The strata on the north side of this divert 
dip northeast into Cuyama valley, and the beds on the south into or toward the bed of the 
Santa Clara. The Peyrou, a tributary of that river, finds its sources here, and carves its way 
down through deep chasms in the granitoid rock, which lie between its sources and its debouche ; 
the same mode of segregation of the granitic mass observed at the Cajon and at Warner's passes 
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were noticed here. The order of segregation of the minerals observed in the granite of the 
canon of the Peyrou was as follows : 

Felspar (orthose) white and reddish. 

Hornblende crystals in felspar paste. 

Syenite^ highly quartzose. ' ' 

Hornblende slate. 

Hornblende porphyry. 

G-neiss. 

The felspathic rock, a crystalline porphyry, being found on the west side, and as the river 
cuts its way further down it revealed the introduction of amphibole, until the whole rock 
assumed the appearance of a coarse gneiss or a hornblende porphyry. The granitoid rocks of 
San Emiiio, of which those cut through by the Peyrgu are the more depressed portions, cannot 
be less than from eight to ten miles thick upon the surface, and yields an immense amount of 
.detritus to the Peyrou and other smaller streams which roll into the Santa Clara on its 
western side. 

The strata on the western slope of this upheaved region are those of San Buenaventura^ which 
have been traced, as described, running into the Cordilleras. The strata on the eastern slope 
form the hilly country called Cestek, which, in appearance and vegetation, is the repetition of 
the strata which cover the east side of the Cordilleras at San Francisquita and Cajon pass. The 
grass, the oak, the pine, the sycamore, and the cotton-wood disappear, and in its place are 
tule, yucca, palmetto, dwarf cedar, and the worthless vegetation of the desert slope. The sand- 
stones described as peculiar to the eastern slope stretch in and occupy the angle formed by the 
termination of the Sierra Nevada at the Canada de las Uvas and the San Emiiio mountain, 
which lies fifteen miles west ; this re-entering angle of the desert is crossed in the trail from 
Los Angeles to Fort Tejon. These sandstones dip away from the granitoid rocks of the Cor- 
dilleras at San Emiiio, and so on toward Cajon pass, while they run abruptly up to, and lie 
unconformably upon the Tejon granites. This may be observed in the Cestek plain. It would 
thus appear that this sandstone was deposited originally upon both ranges, the Nevada and the 
Cordilleras, but that since the deposition the former was not upraised, while the latter was. 
Should this observation prove correct, it follows that the Cordilleras are of a later age than the 
Sierra Nevada ; a view which I think the correct one, although opposite to that taken by Mr. 
Marcou. Both ranges may be post-Miocene in appearance, and to some extent arose together, 
but the latest elevations have been in the Cordilleras and the Coast Eanges, and the general 
order of upheaval, in point of time, from the east toward the west. 

Nothing appears easier to trace than the relations of connexion and continuity between the 
middle of the Coast Eanges (San Jose and Point Pinos) and San Emiiio, and between San 
Emiiio and the Cordilleras, a fact now, for the first time, stated and brought to light by the 
explorations of this survey, by which there has been traced a continuous granitic chain from 
Point Pinos, at Monterey bay, to the northwestern edge of the Cajon pass, terminating at the 
Kikal Mungo mountain; a range alike distinct in direction from the Sierra Nevada or the San 
Bernardino and Temecula ranges. 

The ranges which lie west of the San Jose sierra do not always run parallel with it. The 
Santa Lucia range gradually approaches it toward the south ; the San Eafael hills, a small 
chain to the southwest, run in a trend somewhat more to the east, and the Santa Inez, the last 
ot the coast ranges, has a still greater deviation to the east ; thusy by a gradual radiation, they all 
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meet near one focuSj the San Emilio district, and conspire to form this elevated region ; or rather, 
as has been advanced before in this report, the radiation of the lesser ranges is from the south, 
diverging more to the west as they proceed north, each range a little more west than its prede- 
cessor, until the direction of the Santa Barbara hills are obtained. 

In alluding to the Santa Inez mountains it has been shown that they are uplifts of volcanic 
rocks upon an already elevated land ; land previously upraised by granitic masses, and the ele- 
vation of which originally lay northwest ; hence the range is a series of short links which lie in 
^^ echelon'' to the whole range, the dip being southwest and northeast, and occasionally south- 
east and northwest, according to the position of the volcanic rock. The influence of the Cor- 
dilleras, therefore, as an elevating agent, does not extend to the Santa Inez range ; it has neither 
the axial rock nor the dip to correspond to such a supposed cause. ^ The true termination of the 
Santa Inez mountains is on the Santa Clara valley, and the upheaving causes come from the 
northwest, and not from the southeast, as is supposed by the State geologist of California ; and 
to call the Santa Inez mountain the San Bernardino range is to confound things that have na 
necessary connexion.* 

The volcanic rocks which have elevated the Santa Lucia, San Eafael and Santa Inez moun- 
tains run in a direction which would enter the Cordilleras in the southern portion of San Diego 
county, near the boundary line, and from that north to San Bernardino. This range they 
appear to traverse along its western edge, and do not in any place cross over to the eastern 
side ; they can be traced at some distance from shore near San Juan Capistrano, San Luis Eey, 
and San Pasquale, at positions from 300 to 500 feet above sea level. 

*Dr. Trask, Rep. on Geol. of Calif., 1855. 
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CHAPTER XIV. 

ESTRELLA MVEE, PANZA, AND CARRIZO. 

W.ST, AND .LEYATION O. PANZA AND OARRIZO SANDSTONES-StBUOTURB O. PANZA HltLS-PROXIMITY TO TOLARK ^^^^^^^"^ 
O^THKOAVII-ANBANeESEPARATINa THKM.-B..KCT O. PRQXIM.TY OF THE SAH .OSE AND '^^^^''^--'=''^^''V''";y°«"° 'J 
THEIR DiyERaENCB.-RESEMB.ANOB O. EBTERO P.AIN TO THLARE VAtl-EY.-STBEAM, WHICH SCPP.Y THE '^^^-^'^^'^^'^ 
ITS aEOLOSY-THE EASTERN SLOPE OF THE SAN JOSE ASSISTS IN FORMINa PANZA AND CARBIZO, AND HAS THE SAME STRATIGRAPBICAL 
RE.™-INFERI0B ROCK O. PANZA SIMILAR TO THE BROWN SANDSTONES OF SANTA BARBARA.-GypSEOHS ^:t''ZZTZoZZ 
AND PBCTEN LAYBRS-UPPER BEDS ARENACEOUS, WITH AROA.-SlOPE OF THE STRATA.-T0TAL THICKNESS-TeRRACES ALONG THE 
vIlLE^-FoSSILIFEROHS strata BENEATH.-O0MPARISON OF THE STRATA AT PaNZA WITH THOSE OF SANTA MARGARITA AND SANTA 

BARBARA.— Tabular list of the strata.- Enumeration of the fauna of that period. 

The San Jose mountains separate tlxe Salinas and Santa Maria valleys from those lying fur- 
ther east. When this range is crossed east of Santa Margarita, or of Oayama, a valley country 
is entered whose elevation is considerably ahove that of those on the west ; but the nature of 
the valleys north and south are very different in character. At the point where the San Jose 
chain crosses the Salinas to pass south, the San Juan or Estrella river enters the Salinas. This, 
which is hardly a tributary, since it is much longer than the upper Salinas, takes its rise forty 
miles further southeast in a series of high valleys on the eastern base of the San Jose moun- 
tains The stream, there small, receives the name of Oarrizo creek, where its elevation is more 
than 1 600 feet above the sea ; as it passes south, it leaves the open rolling sandstone land and 
enters a narrow valley wonderfully disturbed since its deposition, and denuded during its eleva- 
tion This receives the name of Panza valley from the ranch of that name. South of this it 
receives the name Estrella, and from thence southwards the river retains its place at the base 
of the range until it reaches the Salinas valley and river. 

The region of Carrizo was but little examined ; but few fossils were found in the upper sand- 
stones ; in an upper layer of these, before reaching the valley of Panza, two small shells were 
picked out of the soft sand rock. These were pecten deserti (Gonrad) and anorrna suhcostata, the 
latter doubtfol. The former is a shell found on the western limit of the Colorado desert ; it is 
here found 250 miles northwest, and separated by two valleys and three mountain ridges. The 
stratum does not correspond lithologically with that of the desert in which it is found. 

The -ranitic axis of the San Josg range spreads out westward underneath the strata eleva- 
ting the whole plain, and carrying the sandstones to a level several hundred feet above the 
western valleys. Nor does it merely elevate ; it is also itself protruded in several places, not 
in a chain, but separately, producing the local disturbances and flexions of strata alluded to. 
Panza hills, lesser and greater, are two mountains which display these phenomena well, being 
masses of granitic rock at their southeast end, which have tilted up the strata, and causes them 
to dip toward the San Josg, from which they are not distant further than six miles in an air- 
line eastward. Further south the country still rises with rolling hills of sandstone, presenting 
their worn edges to the west and south. The granite appears more constantly as a surface 
rock, and along the head of Oarrizo creek gneiss is traced for several miles accompanying the 
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stream. This elevated rolling plain stretches several miles to the east, when it drops down 
into Tulare valley. This lofty district owes its elevation to Gavilan range coming in at this 
point in its southern course, and intermingling its strata with those of San Jose. The result of 
this union of two parallel ranges not only produces the highly elevated country, hut perhaps 
also the increased elevation of the San Josg range itself, which at this point (the head of Oarrizo 
creek) sustains a loftier crest than elsewhere in its course. South of this point the two ranges 
separate and pursue different courses, forming, hy their divergence, Estero plain, a wide trough 
plain, with a gentle descent to the south-southeast, where it opens into Tulare valley by the 
subsidence of the Monte Diablo range at the extreme south. 

Estero plain is a miniature of Tulare. The hills bounding it on either side supply it with 
water, small in quantity, which collects in lagoons or ponds in the centre, and thence flows 
sluggishly south, forming the Agua de Paleta, which rolls into Buena Vista lake, in Tulare 
valley. The northern edge of the plain near Oarrizo and Panza hills furnish the largest amount 
of water, as many as three distinct streams being observed to roll down to the lake in the 
centre of the plain, which is uninhabited by man,* and occupied only by herds of deer, antelope, 
and wild horses, with which it abounds. It is about forty miles long, and averages twelve 
broad. Nothing exact is known of the geology of this plain. Its geography was compre- 
hended exactly by looking from the summit of Panza hill, which overlooked the whole country 
south and east as far as the eye could reach. The southern portion of the plain was again 
observed in crossing from Tulare to Ouyama plain ; of its structure nothing more is known than 
that its eastern ridge is the Monte Diablo range, terminating south at the head of Tulare 
plain— its western the San Jos6 range ; the sandstones slope into Estero from either side. Two 
slight elevations cross the plain above and below the lake, as if a dyke crossed in these places. 
The plain itself was not entered. 

In treating of the San Jose mountain range, allusion was made to the axial and sedimentary 
rocks ; the textural character, dip, and thickness of the strata on its eastern side are there 
given, and need not again be repeated. Hornblendic gneiss appears here upon the east side 
of the range along the bed of Oarrizo creek for some miles down below its source ; it presented 
the appearance of a stratified rock dipping away to the northeast. Although the granitic rock 
was exposed at a few points east of the range, yet nowhere was the gneiss rock observed in 
contact with it there. Panza hills are sandstones, elevated by felspathic granite, which occu- 
pies low bosses on the southeastern edge of the hills, and have no gneissose rock nor any 
appearance of the limestones found at Gavilan ; the point of contact of the sedimentary and 
upheaving rocks was not, however, observed; the lowest rock was a series of brown sandstones, 
with sharp angular outlines, and serrated and triangular shaped crests, in every respect similar 
to the lower beds of the Santa Inez chain at Santa Barbara ; above these were coarse conglom- 
erates and grits with saline (gypseous) veins, and thin layers of limonite. These represent 
the beds on the east of Santa Margarita valley, immediately below the ostrea and scutella beds ; 
these also line the Santa Lucia mountains ; then follow fine-grained sandstones with ostrea 
and pecten; and, finally, where the hill drops down to the creek bottom, fine arenaceous clay 
beds consolidated, containing area obispoana. Both the northern and southern Panza hills 
have a similar structure, and dip southwest from 25° to 35°. The total thickness of these 
beds approached eleven hundred feet ; the dip is towards the San Jose range, from which it is 
separated by the valley intervening ; this valley, (Panza) like that of Santa Maria, is also one 
of denudation, presenting terraces one hundred feet high on the east side of the San Jose range, 
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where the foot hills run out into promontories , which, before the denudation, stretched across 
the present valley to the Panza hills ; these promontories come off from the main ridge, like 
the teeth of a comb, and are themselves merely fragments denuded. On examining the strata 
of these terraced promontories near the edge of this valley, they are found to dip away from 
the valley and toward the range of which they seem to be a part; from one of these was obtained 
some of the finest specimens of the asterodapsis of a larger size than those found in Santa 
Margarita valley ; accompanying it was the scutella suhrotunda, thepecten, and ostrea; the dip 
of these layers was 15° southwest. On another promontory, about a half a mile up from the 
valley, yellow clay rock containing the same fossil scale impressions as that found on the 
shore at the Gaviote, and also found on the west side of the San Jose. The green agatic quartz 
riband layers found in Santa Margarita valley were not found here. 

The exploration of the Panza hills proved to be very interesting ; their sandstone, less 
inclined than either those of Santa Margarita or Santa Inez, allowed of a comparison not 
admitted by the others. The continuity and relative position of these beds could be better 
studied there than in any other locality. Here was first observed the angular crested gypseous 
sandstones repeated at Santa Inez, and here was observed the relative position of the ostrea 
and echinoderm beds similar to those of Santa Margarita, with the softer clays and beds asso- 
ciated with bitumen along shore, and including polythalamous layers. Much that was doubtful 
was thus removed, and the relative position of these tertiary beds was thus determined to stand 
in this order from above downwards : 

A. Fine yellow slates ; soft argillitic layers, with area obispoana ; bituminous sand rock, with 
polythalamous layers. 

B. Yellow sandstones, with pallium, ostrea, hinnites, and echinoderm. 

0. Brown and yellow grits ; sandstones, conglomerates, gypsiferous and ferruginous ; the 
upper beds including the dosinia of San Antonio. 

D. Coarse grits and green conglomerates of serpentine and jaspery quartz. 

The last bed, so distinctly marked on the San Jose and Santa Lucia ranges, was not observed 
represented on Panza hills^ in which circumstance it resembled Santa Inez range. 

A section of Panza hill is given in fig. 3, plate 2, and the fossiliferoujs beds on plate 2, fig. 5. 

South of the larger Panza hill^ a few miles along the valley^ a dyke of augitic rock of a 
dark green compact structure was observed running north 80° east, and converting the sand- 
stone into a hard micaceous rock in its neighborhood ; the strata dipped in every direction near 
it, and even the gneiss rock was slightly disturbed from its usual easterly dip. A folding 
together of the sandstones was observed not far from this on the river side, causing a partial 
synclinal axis, which may, perhaps, have been produced by the upheaval of the Panza granite 
at a date subsequent to the elevation of the San Jose rock. 

The bed of the Estrella river, at Panza^ displays a series of terraces ou the hills on either 
side precisely similar to those on the Santa Maria, although necessarily on a much smaller 
scale. 

The fossils found in the strata on the sides of the valley were the following, the names and 
descriptions of which have been supplied by Mr. Conrad : 



1. Ostrea Titan 

2. Ostrea Panzana, 

3. Pecten discus. 

4. Pecten Heermani, 

5. Pallium Bstrellensis. 

6. Spondylus Estrdlmsis. 



7. Cyclas permacra. 

8. Oyclas Estrellmsis. 

9. Olydmeris Estrellensis. 

10. Balanus Estrellensis. 

11. Astrodapsis Antiselli. 

12. Scutella Suhroiunda. 
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The ostrea, astrodapsis, balanus, scntella, and pecten, were found in the same strata and 
accompanying each other ; the other fossils occupied the sandstones lying below the upper 
calcareous layers, having the comminuted shells and other points of resemblance with the beds 
containing ostrea and hinnites of Santa Margarita. The Panza beds are thicker than those of 
Santa Margarita, and more variety in the animal life contained in them. . Like the latter beds, 
the Panza strata lie upon the slope of the San Jose range, and have suffered extensively from 
denudation. 
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CHAPTER XV. 

MOJAVE RIVER VALLEY- 

Santa Fe trail to salt lake.— Mojave river and valley. — Cajon pass. — Primary rocks of. — Mica slate and por- 
phyry. — Pink sandstones. — Local drift. — Limestone in. — Thick conglomerate and sandstone of the eastern 
SLOPE. — Second axis in the pass. — Probable thickness of the conglomerate. — Distinction between them and the 
pink sandstones. — Slope towards the mojave. — Nature of the soil upon. — Vegetation of. — Y'ugca, cedar, Arte- 
misia. — SOAKAGE OF THE RAIN WATER THROUGH THE SANDSTONES. WeLLS NEAR THE RIVER. — CoURSE OF THE RIVER 

WHERE FIRST REACHED. DIFFERENT TEMPERATURES OF AIR, WELLS, AND THE RIVER. HiLLS EAST OF THE MOJAVE. — FER- 
TILITY OF MOJAVE VALLEY.— Heat of THE SOIL DURING THE DAY.— SIMILARITY OF THE FLORA WITH THOSE OF LOS ANGELES 

VALLEY. — Amygdaloid range along the mojave sixty-six miles down. — Metamorpkic action exerted on the sand- 
stones. — Variety in the volcanic rock — Felspar dykes. — Accompanied by gypseous veins. — Granitic chain 
crossing the river further DOWN. — Soda lake, its length and form. — Appearance op the surface.— -Saline coat- 
ing OF THE surface. QuiCKSAND BOTTOM. SuBSOIL SOAKED WITH WATER. INTRUSION OF A DYKE UPON THE PLAYA. — 

Primary limestone — Aspect of the playa.— Mirage— Origin of the saline incrustation of the playa. — Fresh- 
ness OF the river water. — Recapitulation. — Characters op the country east of the Sierra Nevada. — Appear- 
ance of the valleys. — Slopes of the conglomerate. — ^^Different level of soda lake and the Colorado river. — 
Direction and nature of the mountain ranges.— Number of ranges between soda lake and the sierra — Inter- 
vals between the chains.-— Fall of rain. — Limited fertility of the district.— Number of animals sacrificed 
from drought. — Exposure OF the high plain to winds. — Cold of nights — Dew.— Thunder storms without rain. — 
Parallelism of the geological forces. t-Plain reaching across the Colorado to the pimas villages. — Saline 

INCRUSTATIONS AT SODA LAKE. — ChEMICAL EXAMINATION OP. INCRUSTATION AT NAVAJO CAMP. 

The old Spanish trail from Los Angeles valley to Santa Fe entered the great basin from the 
Pacific slope by the Cajon Pass, followed the course of the Mojave river for several miles to the 
northeast, and then left its bed to take a more northerly direction toward Salt Lake. This trail 
is now followed to the latter place by the mail carriers in their fortnightly journey to Salt Lake 
City^ and by the Mormons in their intercourse between that city and the Mormon settlement in 
San Bernardino valley. 

The Mojave river is first struck by the trail not far below its sources — its further course from 
the point where the trail leaves it was but partially known; to clear this obscurity was the 
object in crossing the Cordilleras to enter this, the second lowest steppe of the Great Basin, to 
ascertain whether the river emptied itself into the Colorado or was lost in the basin ; a very 
hasty reconnaissance was made by striking the river at the east slope of the Cordilleras, and 
travelling down its bed until it was lost in the alluvial sands of the small basin of Soda lake. 

While crossing the Cordilleras through Cajon pass its geology was observed, and is noted in 
this section rather than in the chapter on the Cordilleras, to understand the constitution of 
which it may be necessary to refer to this description of the pass. 

Cajon pass lies behind (eastward of) Kikal Mungo hill, and between it and an elevated flat- 
topped range, which is the northern extension of the San Bernardino mountain. 

The general direction of the pass is north by west and south by east, and as the strike or axis 

of the range is here about south 70° east a good section is obtained in ascending the pass. Here, 

also, as in many other mountain ranges, it may be observed that the geological axis itself is not 

situated at the most elevated point of the pass, for while the axis is on the south and west 

13 U 
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extremity, the greatest elevation lying north is occupied by the sedi^Qentary beds on the north end 
upraised by the axis. 

In ascending the pass from the Pacific slope primitive rocks only occur along the first three 
miles. The depressed axis of the Kikal Mungo hills is there met with at an elevation not 
exceeding 2,000 feet, consisting of a nucleus of granitic porphyry, hornblende, and mica slate, 
intercalated with beds of crystalline felspathic rock, gneiss, and talcose slate. 

The stream which flows down the pass (Cajon creek) winds its way through and between 
these metamorphic and primary rocks, and enabled a thorough section to be obtained. 

In ascending the pass, as soon as the upper drift beds, which are continued into the valley of 
the Santa Anna river, are passed over, and which are here cut through by the Cajon creek, the 
first rock in situ exposed is mica slate, forming a hill about 900 feet high above the pass, with 
a dip of 30° northeast. A couple of hundred yards higher up granitic porphyry and horn- 
blende slate appeared on both sides of the stream ; one mile further up, the creek bed traversed 
a small flat, with well marked terrace banks, composed of the detritus of the primary rocks 
around, varying in depth from three to 10 feet, and lying upon mica slate, dipping northeast 
50°, accompanied by gneiss, talcose slate, and felspathic rock. These erupted and metamor- 
phic beds were much contorted, the gneiss and slates lying at a high angle. 

Ascending the creek, which here flows almost south, a series of pink colored strata occur, 
dipping 25° south 10° west, lying on the right bank of the stream; three hundred yards higher 
up the same beds dipped in the opposite direction, or to the northeast ; both series presenting a 
prominent feature in the landscape by the peculiar tint and conical shape of the edges of the 
strata ; being very friable they weather readily, and have their caps rounded, the degraded ma- 
terial being either washed down by the creek, which carries in its current vast quantities of fine 
and course debris, or accumulates in the little valleys between the upraised strata. These beds 
might be at first sight mistaken for a granitic rock, were not its sedimentary character and the 
lines of stratification so well marked, for it is wholly felspathic in its constitution, presenting 
small rhomboidal crystals of pink colored felspar, imbedded in a felspar paste of the same 
color loosely cemented, so that the mass can be readily cut with the penknife, or even removed 
by impressing it with the shoe ; each crystal of felspar being complete in its form, and showing 
no sign of having been transported any distance before it was consolidated. No trace of fossils 
was observed in these strata. 

These strata are repeated several miles up the pass, almost to the head of the creek, which 
rises in a depressed area, surrounded on all sides (save at its southern outlet) by blufi" walls of 
steep ascent, varying from 150 to 500 feet, which, when gained, are not hills, as they appear 
from below, but merely the summit of the sandstone sloping eastward to the Great Basin. 

This peculiar local configuration has given rise to the name of the pass, (Cajon,) the origin of 
the creek being enclosed, as it were, in a box. 

The rounded drift stones, some of which are of large size, carried down by the creek during 
freshets are not to any extent derived from the immediate wearing away of the primary rocks of 
the axis alluded to, but are mostly derived from the drift covering of the little valleys of the 
pass, and from the terraces alluded to. They are gneiss, hornblende, porphyry, felspar rock, 
a few mica slate specimens, and white crystalline limestone. This latter rock, though an 
abundant constituent of the drift, has nowhere in this pass been observed in situ. That it exists 
in the pass in place there can be little doubt, near its summit. It is a constituent rock of the 
chain, being found extensively in place at Tejon, and having been observed in situ by Mr. 
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Blake in the San Gorgono pass. About four miles below the summit, on each side of the pass^ 
are high hills, with sharp outlines and ragged crests of crystalline felspar, intersected by 
quartz veins of a brownish red color, and hardly deserving the name of granite. These oc- 
curriug on both sides of the pass must also cross it and produce a second axis eastward of the one 
lower down. To this axis may be attributed the dislocation and tilting of the pink .strata, and 
in this axis the crystalline limestone may belong. 

In ascending the last five miles of the pass, and especially the last three, thick beds of con- 
glomerate and sandstone appear, which form the bluffs referred to. Sections afforded by the 
creek often exhibit 100 feet of thickness, and as all the beds were not exposed at one place, I 
think 300 feet to be the approximate thickness of these conglomerates in this place. From the 
lines of deposition they appear to be horizontal ; but viewing the slope to the Great Basin 
as merely the upper surface of these strata, the true dip may be about 6° northeast. They are 
yellow colored and very friable, being in some beds wholly unconsolidated. They contain 
angular felspathic crystals and paste similar to the pink beds alluded to, with the addition of 
gneiss, mica slate, and quartz pebbles, both rounded and square fragments of all being freely 
mingled in the mass. This addition serves in part to distinguish these conglomerate beds from 
the pink sandstones. They are still further recognized by their want of consolidation^ and by 
their unconformability to the strata on which they rest. The pink sandstones repose on the 
axis, have been upraised and contorted by the elevating force, while, on the contrary, the upper 
conglomerates are almost horizontal, and are undisturbed by any cause. Derived in a great 
degree from the same sources, (primary granitoid rocks,) they mark successive periods of 
deposition. 

The descent from the summit of the Cajon pass to the Mojave river, where the trail strikes it, 
is over the back of the pink sandstones referred to in the description of the pass, and capped by 
the conglomerates. The slope of the surface of the strata towards the river is 20°, a slope 
greater than that of the beds themselves, inasmuch as the inferior fourth of the slope is very 
much worn into ravines and canons by the water draining from off so large a level surface 
higher up. The true dip of the strata is northeast. The soil on this slope is a mixture of 
quartz and felspar, granitic detritus in fine powder, with pebbles of quartz, gneiss, and mica 
slate, derived from the degradation of the conglomerates. 

The tree yucca, of every possible form and size, was the predominant vegetation. Cedar 
trees of small size in the valleys near the summit, immediately below the pass. Dwarf pine, 
chemisal^ and artemisia were the other shrub growths. The herbaceous vegetation was similar 
to that of the San Gabriel and Los Angeles valley ; but the individuals on a dwarf scale. The 
whole vegetable growth is that of a desert region, and contrasts wonderfully with the luxuriance 
on the west side of the mountain range, the difference being due to the deficient supply of water 
on the east side of the Cordilleras. 

The rains falling upon the eastern summits of the sandstone strata and the melting of the 
winter snows form a body of water which sinks between the laminso and finds a subterranean 
course toward the valley of the Mojave, where, by their oozing out from the vforn edges of the 
strata, they form springs, and go to swell the volume of the river itself. 

The Mojave river, where first struck, has a course north by west— lies several feet below the 
level of the sandstone in a small channel about thirty yards wide, worn in the strata ; by cut- 
ting its way across the dip of the sandstones, and to some depth downwards, it has tapped some 
of the subterranean water courses alluded to. Along the whole course of the river it is very 
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common to find, here and there water holes, of great depth, and from which, for a few miles down, 
the river has a body of running water, which ultimately sinks into the sands and disappears, 
until a new series of water, in holes, is met with lower down. These water holes are true 
springs, oozing up and overflowing to form the river bed. The temperature of these springs 
is much more uniform than that of the running water, which, passing over a heated soil, becomes, 
in a short time, nearly as warm as the atmosphere ; while the water holes or springs, on the 
contrary, have a much lower temperature in summer time, and are warmer in winter. These 
water holes are surrounded by a dense growth of willow, and occasional cotton-woods. 

The difference of temperature observed at camp, fourteen miles below where the trail strikes 
the river, was — 

Temperature of the air, in shade , 82° F., at 2 p. m. 

Temperature of running water 74° F., do. 

Temperature of water holes , 56° F., do. 

At the first crossing of the Mojave, at the foot of the slope from the Cajon pass, is a spring 
of this character. The water is hard, clear, and of good taste. 

Immediately east of the Mojave, where it is first struck, there extends a low-crested hill 
running north and south. This hill is not more than three miles from the river, and is 
approached by a more rapid ascent than that of the left bank. The beds of conglomerate are 
traceable a short distance up this slope, then terraces of detritus, chiefly of quartz and volcanic 
rock ; then a compact quartz rock in situ, and the main body of the hill of red amygdaloidal 
lava and greenstone porphyry. Fragments of these rocks are scattered along the terraces. 

The valley of the Mojave is fertile only on the immediate banks of the river ; there, where 
the moisture infiltrates through the soil, cotton-woods, willows, grass, and composite flowers 
grow luxuriantly ; at some distance from the bank, (three or four hundred yards,) the flowers 
were in clusters, with intervals of bare, dry, and pulverulent soil, which is chiefly of a sandy 
character, though occasional clay beds occur. 

On the same day (April 7) on which the foregoing thermometrical readings of the water were 
taken, the sandy soil was examined for its temperature, six inches below the surface, which, at 
4 p. m., was found to be 92° F. The hottest part of the day is about 2 p. m., so that the 
temperature ascertained was that which for five, or perhaps six, hours of the day the soil had 
attained to. This great warmth of soil starts the vegetation forward early in spring, and from 
the absence of rain in this region in summer, the plants are burned up by the intense heat of 
the soil. Perhaps for the same reason they are stunted in height, do not put out branch or leaf, 
and flower early. The plants not having time to live long enough to increase in size, and then 
flower, appear to devote all their energies to the propagation of the species. Species similar to 
those of Los Angeles valley were found in flower on the Mojave ; at Los Angeles some species 
were eighteen inches and two feet high ; their congeners of the Mojave were two and three inches. 

From the first crossing, the course of the Mojave, fourteen miles down, is north a few degrees 
west; then, for more than twenty miles, it is north a little (10°) east; and then, generally, in a 
true easterly direction, until it terminates in Soda lake. In this course it follows, to a great 
extent, the dip of the conglomerates, north 10° east. This dip determines the slope and con- 
figuration of the valley of the Mojave until it disappears ; but here and there the sandstones 
are broken through, upheaved and contorted by small ranges of hills generally isolated, and 
running in direction or trend pretty uniformly northwest and southeast. Occasionally a small 
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range runs north and south, forming with the others a series of triangles, enclosing valleys, 
or rather playas, between the hills. In its course eastward the river either canons through or 
passes round these ranges to reach the lower level ; hence its occasional deviation to the west- 
ward. 

The intruding rock forming the axis of these isolated ranges and lone hills is chiefly amyg- 
daloid, a reddish felspathic rock, approaching trachyte in texture, the cavities filled with 
cbalcedonic geodes. Masses of pure felspar rock occur occasionally. Greenstone and greenstone 
porphyry are the chief varieties of volcanic rock. Jasper and compact quartz rock, of various 
hues, lie in contact with the foregoing. These rocks, flanked by the conglomerates, constitute 
the bulk of the hills of the Mojave valley. 

At the third camp on the Mojave, sixty-six miles down the river from the first crossing, the 
amygdaloid rock rises abruptly from the plain beside the river on its south side ; at some dis- 
tance on the north side it rises up again. In their elevation they have uplifted a stratified 
sandstone which, in some places, is converted into a compact, quartz rock ; in others, it puts on 
a jaspery and opal appearance in the fractures, while at a distance it preserves its laminated and 
sandy texture. The amygdaloid is reddish, but less pyritiferous than usually met with. A 
great variety in the appearance of the volcanic rock prevails over this district, being sometimes 
highly cellular, the cavities filled with chalcedony ; again it is a compact rock, with defined 
quartz crystals interspersed— in some places pyritiferous, in others not — the felspar generally 
approaching a red brick color ; in a few instances becoming grayish, and resembling trachyte. 
A yellowish green clay forms on the surface of some of these volcanic hills, arising from the 
decay of the iron and copper pyrites present. This tint is sometimes communicated to the soil 
in such a quantity as to render it visible at a distance of several miles. 

Dykes of a green felspar porphyry cut through the amygdaloid in some places; one well 
marked instance is on a hill north of this (3d) camp. The amygdaloid is fissured in several 
places, and the fissures filled with seams of carbonate and sulphate of lime ; these seams run in 
the same direction with the upheaval of the hill— that is, east and west. The carbonate is crys- 
tallized in the rhomboidal form. North from this the ground rises with a gentle slope, thence 
northeast. The highest hills of the neighborhood are in that direction ; they have the same 
porphyritic outline as the hills close by, and run-SO or 60 miles northward, constituting a well 
marked chain of hills, whose southern prolongation, about 10 or 12 miles from here, is a mass 
of porphyritic hills heaped together. 

Seventy-one miles down the river (from the first crossing) a range of granitoid and porphyry 
hills cross the course of the stream, and through which the river canons ; loose fragments of 
serpentine and epidote were scattered about, with jaspers, chabasite, red and yellow porphyry. 
A bed of unconformable conglomerate lies in contact with the axis rock; it is 60 to 80 feet 
thick, and the pebbles made up of jasper, porphyry, and epidote, with a fine paste of sand and 
clay, the fragmentary scattered pebbles derived from this conglomerate being denuded. 

This chain runs northwest and southeast, as do many of the lesser ranges, but it cannot be 
spoken with certainty of many of them ; the district being so disturbed, some of the low ranges 
running north and south, and inclosing triangular valleys, as before described. 

The same stratified sandstone which caps the eastern flank of the sierra to the Mojave river 
is also found here, and inclined also at a small angle to the east, (4°,) and sloping eastward for 
12 miles, when it terminates in Soda lake. 

Soda lake is a flat, dry lake bed, or playa, about 20 miles long and 12 broad, of an elliptical 
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form ; bounded on the east by the elevated and mountain range formed of granitic and porphyry 
uplifts which separate the Mojave valley from that of the Colorado, and on the west by the con- 
glomerate slopes of the ridge just described. The surface of the playa is perfectly level and 
without vegetation, save on the margin, where some coarse salt grass flourished in the loose 
sands ; on the edge of these sands could be traced a beach — heaped water-worn pebbles, pieces 
of drift wood, and vegetation — and for miles the eye could trace this dark line at the base of the 
small sand hills accumulated by the winds ; yet at the time of the visit (April 14) there was no 
water over the surface, nor has it ever been known as a permanent lake. For several hundred 
yards from the margin the soil, a sandy clay, was hard and ripple-marked, and coated from 2 
to •! inches deep with a saline incrustation which crackled under the feet like frozen snow ; 
examined by the eye it contained cubes of common salt, had an alkaline taste, and deliquesced 
in the fingers ; it raised bread indifferently well, and was therefore a mixture of cloride of 
sodium and carbonate of soda; an analysis of this efilorescence is subjoined. Further in, towards 
the centre of the playa, dry stream beds exist 2^ to 3 feet below the general level, and about 5 
yards wide ; and in the neighborhood of these the soil is a quicksand, which, though supporting 
a man who shifts his position occasionally, renders it very unsafe for a mule to keep its foot, the 
animal frequently sinking to its belly. In this playa the Mojave river is finally received ; its 
course down the conglomerate being visible for some miles, when it gradually sinks down and 
disappears in toto. The whole under stratum is soaked with its waters. Digging at the edge, 
18 inches deep, allowed abundance of water to ooze in, sufiicient for culinary purposes, but 
which requires to be used fresh, as, after it has lain some hours, it becomes intolerably saline; 
at the best it is mawkish and alkaline, and only to be drank on necessity. Occasionally the 
playa is overfiowed with water and forms a small lake, whose margin or beach has just been 
described ; it is never more than a few inches deep, and drying off again leaves the alkaline 
incrustation on the surface. 

The playa is nearly divided into two portions by a projecting ledge of trachytic porphyry, 
which has in immediate contact with it a mass of primary limestone, forming a hill about 500 
feet high ; at the foot of this is a small fresh water spring of remarkably pure hard water. Th© 
limestone is metamorphosed, and presents no trace of fossils ; it probably is geologically con- 
nected with the limestones of the Sierra Nevada, and that in the vicinity of the bay of San 
Francisco, along the Santa Cruz valley. 

The aspect of the playa is remarkably forbidding ; a wide expanse, unclad with herbage, 
bounded by lurid purplish hills without timber, smooth as a bowling green, and glittering in the 
sun like a snow field, dry brown slopes rising to the margin of the rocks, forms a most dismal 
picture, and gives an idea of incompleteness and desolation. 

The mirages on this playa were constant, and on a very large scale. 

The formation of so large a crust of salt and alkaline carbonate from the capillary evapora- 
tion of the soil of the playa shows how large a quantity of mineral matters may be abstracted 
by running water percolating through porous sandstones and the debris of albitic granite ; for 
the waters of the Mojave were, in the first instance, merely the melted snows of San Bernardino ; 
all the mineral matter, therefore, in its volume, were derived from the strata along which it 
rolled, concentrated by accumulation in Soda lake ; for in no part of its course was the flowing 
river at all saline, or unpalatable to the taste. 
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EEOAPITULATION. 



The Mojave valley is composed of beds of conglomerate and sandstone, of very loose texture 
and easy of degradation, through, which the river and streams have worn their way, exposing 
in some places 100 feet in thickness of these beds reposing unconformably upon the igneous 
rock. 

Beds of clay, sand, and gravel, 20 to 150 feet in thickness, are deposited over these sandstones, 
and in many cases appear to be formed out of these materials. 

A few shells of anodonta, similar to those found near New river, at Alamo Mocho, on the 
Colorado desert, were found west of the range bounding Soda lake and on the alluvium within 
100 yards of the river. 

The upheaving plutonic rock is chiefly felspathic, red quartzose, porphyry, red amygdaloid, 
with the cavities filled with chalcedony, and occasionally serpentine, epidote and trap. 

Felspathic (orthose) granite was not found ; albitic granite formed the mountain range east of 
Navajo camp ; porphyritic rock, resembling it, constitutes the hills separating the Mojave from 
the Colorado ; the axial rock is thus assimilated in mineral character to that of the Sierra Nevada. 

The conglomerate and solidified sandstones may be looked on as tertiary and of the same age 
as those at Carrizo creek, of the Colorado desert, perhaps Eocene. The clay and gravel beds 
belong to a mucti later period. It is these loose beds which give the peculiar and characteristic 
features to this region east of the sierra ; everywhere the mountain ranges are approached from 
either side by a gentle slope which runs direct up to the edge of the hill, so that it appears as 
if the level of the valley and the slope of the mountain could be defined by an exact line, the 
local drift bed running close up. Thus every valley presents a central depression, rarely filled 
by a river bed ; thence on each side a gentle slope until the mountain base is suddenly reached. 
This appearance, which is very striking, is also observed in the western Alps, (Europe,) where 
an individual may set one foot on the plain, and the other on the mountain slope — so decided 
is the line of demarcation. These loose and deep beds are related to those west of the sierra, 
and to those east of the Colorado and on the Sonoranian desert south of the Gila. They are, 
no doubt, of Quaternary age^ and to some extent of local origin. 

In parallel 34° short ranges of hills, running northwest and northeast, divide the country 
between the Sierra Nevada and the Colorado into a series of ridges and plains, or valleys, which 
character continues as far as 35° 30^ or 20 miles north of Soda lake. This mountain belt of 
country is much more elevated than the Colorado desert further south, its lowest level, Soda 
lake, being 1,116 feet above the sea. The Colorado level (from which it is separated by a lofty 
though short range, over 4,900 feet high,) being, almost in the same parallel, 350.4 feet. 

Assuming the Colorado as lying at the lowest point of the district between the Cerbat range 
and the Sierra Nevada, the country to the west would consist of a series of ranges of albitic 
granite and porphyry hills rimning N. 60° W., occasionally interlocking, forming isolated 
\^lleys, but more usually unconnected ones, giving rise to extensive plains passing round the 
edges of the ridges and connecting. As many as five of these parallel ridges lie between the 
Cajon pass of the sierra and the eastern boundary of Soda lake, and Lieutenant Whipple 
describes as many as nine between the Colorado and the sierra. — (H. Doc. 129, p. 29.) 

The intervals between these chains vary from 5 to 15 miles; are in places composed of loose 
drifting sand, which cover the surface and check vegetation, or in places of a hard sandstone 
pebble formation, and occasionally clay beds. The river bottom (Mojave) is alluvium. On 
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account of its greater elevation above the desert to the south, and the number of ridges which 
rise 1,000 and 1,500 feet above the valley at their base, the fall of rain must be greater than in 
the latter place ; but this mountainous belt of country must still be looked upon as, to a great 
extent, a desert region. It is only where water is abundant that vegetation luxuriates, and 
hence, where the river bottom is left, sterility commences. Along the immediate bed of the 
Mojave, from the foot of the Cajon pass to where it sinks in Soda lake, cotton-woods, willows, 
and mesquite, are abundant ; they are the only trees, except those upon the San Bernardino 
slope. There is no tree growth upon the sides of these short ranges, and grass is only found on 
their slopes in the immediate vicinity of springs, or upon those level terraces for a few weeks 
after the fall of rain in spring. Then a sweet though scanty herbage rises in April and May, 
which is all burnt up and withered in June for want of moisture ; a second vegetation springs 
up in the fall, which is of an inferior character. The scarcity of water and the general dryness of 
the district is testified by the dead carcases lying beside the Salt Lake trail ; the cattle having 
foundered from fatigue and thirst, and their hides preserved from decay by the aridity of the 
climate ; the dropped saddles, harness, and wagons attest the same, and give to this trail, as 
well as that across the Colorado desert, the character of a Golgotha ; the whole district pro- 
ducing in the dry valleys only larrea, artemisia, fouquieria, yucca, and cactuses. 

Such is the country through which the* Mojave flows, and into the soft sands of one of which 
valleys it ultimately empties itself. In its course it crosses some of those ranges through wild 
canons, and rounds others to avoid them. Its. course being distinctly visible by the bright 
green of the foliage of the cotton-woods, so remarkable from the upland generally : over these 
plains above the river, in spring, was scattered a profusion of vernal flowers, composite plants, 
many of them in full bloom, and resembling those of the Los Angeles and San Bernardino 
valleys, but of a more diminutive form. Upon no part of the Mojave river were there any 
traces of cultivation, although where it enters the valleys between ranges and widens its bed it 
is capable of producing fine growths; and as it occasionally rises and falls in its bed, dependent 
upon rains or snow-meltings on the San Bernardino mountains, irrigation might be adopted 
with success. The Indians who travel along these trails and live in the mountains, 60 miles 
down the Mojave, are the Cucoomphers, not speaking the same tongue as the Mojaves or 
Pay-utes, nor apparently so advanced in civilization — lizards, rabbits, and roots, constituting 
their chief fare. 

The winds blow with great violence along these plains and smooth slopes of the mountains, 
drifting the sands and accumulating it in small hillocks at the base of the hills. In summer 
the thunder and lightning storms are frequent and severe, although but little rain falls with 
these phenomena. At night time the air cools down so as to feel chilly before sunrise, and 
even deposits a dew upon the blanket and hair of the exposed sleeper. This radiation and 
production of dew is, no doubt, beneficial to vegetation, and enables animal and plant to sup- 
port for a longer time, without injury, the high temperature of the midday. 

Of the parallelism of the geological forces exerted over this district, there is an evidence in t^e 
existence of an extensive plain which is crossed by the Mojave, about 62 miles below the first 
crossing — the eastern boundary of this plain is a chain of granitic and porphyry hills, alluded 
to in Chapter XIX, which runs S. 60° E. to the Colorado river. In this direction the plain 
extends, crosses the river, and continues the same southeastly direction until the Gila is reached, 
a little west of the Coco-maricopas villages. 

Upon the portion of the plain near the Colorado the Chemi-huevas have their cultivated 
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grounds. The Mojave Indians are on the opposite bank of the river, and occasionally these 
latter travel south along this plain to make incursions upon the peaceable Maricopas. 

Along its whole extent it is said to exhibit the same character — sterile where the soil is dry, 
fertile where it can be irrigated, and without timber throughout. 

Saline incrustations. — During the period of visit many of the .small basin beds were dried 
up, and presented a rippled sandy surface, easily impressed with the foot, but yet sufficiently 
coherent to resist the action of light winds. Upon the surface a dry whitish efflorescence 
was spread, which tasted alkaline and unpleasantly. Two such efflorescent incrustations were 
collected — one at a spot on the Mojave river known as Navajo camp, (Camp 3 ;) the other wg,s 
collected from the surface of the dry playa called Soda lake. Portions of each of these were 
subjected to chemical examination, with the following results : 

Incrustation of dry playa called Soda lake, — In mammillary bunches and botryoidal masses, 
efflorescent, readily crumbling under the finger, dull white externally, purer white and semi- 
crystalline internally ; readily and completely soluble in cold water. Solution is colorless and 
transparent, and possesses a very faint alkaline reaction. 

While crystallizing under the microscope, two forms of crystals are observable — needle prisms 
and cubes. 

The solution tested with a barium salt gave a light precipitate, and a copious white with a 
silver solution, which is soluble in ammonia. 

The solution was not aff'ected by solutions of oxalate of ammonia or carbonate of soda, and 
did not effervesce on the addition of an acid. 

The salt mass fused readily before the blow pipe and gave a deep yellow tinge to the fiame. 

From the foregoing it is evident that both sulphuric acid and chlorine are present, with the base 
sodium, and the crystalizations shows that only two salts are contained in the solution. The 
cubes are therefore chloride of sodium and the needles sulphate of soda. There is a mere trace 
of carbonate of soda, and not any lime salt present. The solution on standing deposits traces 
of silica. The amount of sulphuric acid present was determined in the usual way, and calcu- 
lated for sulphate of soda ; the difference was set down as chloride of sodium. The mass is not 
homogeneous ; the centre of the nucleus containing the greatest amount of chloride, while the 
sulphate was round the periphery of the crust. Thus, one portion differed a little centesimally 
from another ; but the following is an average of these estimations : 

Chloride of sodium 85. 

Sulphate of soda 14.6 

Carbonate' of soda, silica 4 

100. U parts. 

The very small quantity of carbonate present in this crust is singular, since an alkaline car- 
bonate exists in the well waters at the margin of the playa. The water of the wells at the 
bivouac distintly effervesced and was very unpleasantly alkaline to the taste ; the crust was taken 
one mile out in the middle of the playa which may account for its small quantity of carbonate. 

Incrustation of soil at Navajo Camp. — An earthy powder of a light yellow brown color, and 

without trace of crystallization, of a dull white color, discolored by the surface soil ; efflorescent^ 

partially soluble in water ; solution transparent, of an amber tint, owing to vegetable matter ; 

highly alkaline reaction to test paper ; strong effervescence on addition of nitric acid to solution, 

UU 
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On examination under the microscope^ tlie same crystals were observed as in the former case, 
mixed up with amorphous powder. 

Salts of silver and baryta gave abundant precipitates ; oxalate of ammonia gave no precipi- 
tate^ nor was the solution troubled by carbonate of soda, or ammonia phosphate. 

The sulphuric acid and the chlorine were determined by'the usual methods, and the absence of 
potass proved : a small quantity of nitric acid was detected. 

The portion which was insoluble was made up of fine felspathic clay and rounded grains of 
silica. These amounted to more than one-fourth of the whole. 

By quantitive analysis, the following results were obtained in 100 parts: 

Insoluble clay and quartz 28. 

Moisture and a trace of nitric acid , 7, 

Sulphate soda , 19,5 

Chloride sodium ,.,, 38. 

Carbonate of soda 6. 

Sulphate of lime , , _. 1.5 

100.0 

In plate 6, fig. 1, the structure of Cajon pass is shown ; in the same plate, fig. 2, the course of 
the Mojave river is shown, with the character of the ranges it crosses, the whole number of which, 
however, are not inserted. 
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CHAPTER XVI, 

]!ITUMINOUS EFFUSIONS. 

LoCAlilTIES WHERE BITUMEN EXISTS. — PROXIMITY TO THE COAST. — SUBMARINE EXUDATIONS.— BiTUMEN POUND IN ALL STAGES OF CON- 
SISTENCE.— ItS ABUNDANCE.— Santa crU2 bitumen, particulars of. — Bitumen op fan luis valley. — Nature op the asphaltig 

ROCK, and details. —FLUIDITY OP THE BITUMEN. — SUBTERRANEAN CAVITIES. — BiTUMEN OP NAPOMA. — Op LA PURISSIMA. — NATURE 
OP THE STRATA THROUGH WHICH IT LEAKS. — BiTUMEN OP SANTA BARBARA, LOCALITY, AND EXTENT OP THE BED. — A SOLID BITU- 
MEN, NO PLUID OUTPOtmiNG. — EXPOSURE ALONG TflB SHORE CLIFF.- ESTIMATE OP THE QUANTITY WHICH THIS LOCALITY AFFORDS. — 

Proprietorship op the land.— Enumeration op the strata at the cliff.— Upraised beach along the terrace.—Evidence 
OP time afforded by a consideration op the cliff strata. — Bitumen op rincon and san Buenaventura river. — Curve 

OP THE SHORS LINE. — EnUMERAI-IOI^ AND THICKNESS OF THE ASPHALTIC ROCKS.— BiTUMEN SPRING TWELVE MILES UP BUENAVEN- 
TURA RIVER.— SULPtttJR SPRING, ITS TEMPERATURE.— LiQUID OVERFLOW OP BITUMEN.— STRATA OP THE NEIGHBORHOOD. — DEPOSITS 
ON THE SANTA CLARA RIVER.— BiTUMEN OP LOS ANGELES VALLEY. — LOCALITY OF.— ExTENT OP OUTFLOW.— -LlQUID NATURE OP.— 

Strata op the locality, amount op the bitumen, and cost at the spring. — Contrast between the supply at los angeles 

AND AT SANTA^'bARBARA. — DIFFERENT ESTIMATES OP THE VALUE OP ASPHALTUM. — PECUNIARY WEALTH OP LOS ANGELES VALLEY 

IN THIS MINERAL.— Bitumen op san pedro, op san juan capistrano, and san diego. — Remarks on the occurrence op 

BITUMEN IN THE STRATA OP CALIFORNIA. — SPECULATION ON THE PROBABLE ORIGIN OP BITUMEN. 

Bitumen is par excellence the mineral of southern California, being found in almost every 
county south of San Francisco. The localities in which it has been observed hitherto are as 
follows : 

^1. Santa Crus mountains, southeast spur, Santa Clara county. 

2. San Luis Obispo valley, San Luis Obispo county. 

3. Napoma ranche, San Luis Obispo county. 

4. La Purissima, Santa Barbara county. 

5. Santa Barbara, 6 miles west of Pueblo, Santa Barbara county. 

6. Eincon and San Buenaventura, Santa Barbara county, 

7. Buenaventura river, 12 miles up, Santa Barbara county. 

8. Santa Clara river, 18 miles up, Santa Barbara county. 

9. Sierra Susanna, Los Angeles county. 

10. Los Angeles valley, Los Angeles county. 

11. San Pedro hills, Los Angeles county. 

12. San Juan Capistrano, San Diego county. 

13. San Diego, off shore, San Diego county. 

The survey has traced the mineral in its course from the extremity of the Santa Clara valley 
to San Diego, a distance of more than four degrees and one-half, or about 300 miles by the 
travelled roads. It is remarked of most of these deposits that they are situated close to the 
sea, the most distant being that near Santa Clara river, (No. 8,) being not more than 25 miles 
inland ; the next most remote is Los Angeles, and then that of the Santa Cruz mountains, 
being less than 15 miles ; still closer are those of Napoma, Santa Inez, and Susanna hills, while 
those of San Luis valley, Eincon, and Santa Barbara are on the shore edge and dip under the 
sea. On the shore at San Diego and at False Bay, north of Point Loma, masses of asphalt 
are washed ashore by the tidal action. The submarine exudation cannot lie far out, as the 
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asphaltic rocks lie beneath high water mark, and are visible at low water ; nor is the effusion 
of bitumen from submarine localities confined to this district. The waters of the Santa Bar- 
bara channel are frequently covered with a thin layer of liquid bitumen, which is gradually 
inspissated by the evaporation and effect of solar heat, and then washed ashore in solid masses 
by the tide; the whole atmosphere of the sea, many miles out, being highly impregnated with 
the bituminous odor. These phenomena (the odor and surface film) were observed by the 
writer on two several occasions in sailing between San Diego and San Luis Obispo. It has 
also been observed still further out at sea by Lieut. Trowbridge,''' U. S. A. It has not, how- 
ever, been observed along the route of the Panama mail steamers, whose track lies considerably 
west of the islands off Santa Barbara shore, so that it may be inferred that the greater amount 
of upheaving action which evolves bitumen lies between these islands and the coast. 

This substance exists in all the stages of consistence, from that of a thin syrup to that of 
ordinary coal. In some deposits, as along the Buenaventura river, all of these are found 
together ; also along Tar creek, a tributary of the Santa Clara ; in fact, wherever the bitumen 
is oozing at the present moment there the substance is fluid and thin. The quantity of the 
mineral is incalculably great in the several deposits, and the supply appears to be steady, 
although not abundant in the majority of the localities. The characteristics of each locality 
will be briefly alluded to in detail. 

1. The bitumen of the Santa Cruz mountains, near the Pajaro river, — It is here found on the 
banks of the Arroyos La Brae and Pescadero. As many as six springs were found close to the 
banks of these two creeks, which cut their way through soft brown fossiliferous sandstone. 
The ground for several yards round each spring was covered with the solidified mineral, and, 
perhaps, twenty-five acres in all were occupied by the overflow. The fluidity of the bitumen 
at the immediate spring was not very great ; not far distant from these is the igneous rock of 
the Santa Cruz range, serpentine and trap, (greenstone,) which is directly in contact with the 
tertiary sandstone, the latter is metamorphic near the point of contact. 

2. Bitumen of San Luis valley. — This deposit is situated about four miles southwest of the 
village of San Luis Obispo, along the road leading down the river to the port. The road, as it 
leaves the valley, passes between a series of low hills, which cut off the valley from the shore. 
About half a mile below the ranch Corral de Piedras, which is located close to the edge of the 
valley, the asphalt is met with in situ. The rock is a fine quartzose sandstone of a brownish 
color^ and decaying under the finger, darker on the surface than inside, and forming a pepper- 
gray colored soil; this bed is not fossiliferous. The strike, north 70° west, crosses the road, 
the rock dipping southv/est 20°. The bitumen here oozes out from the rock fissures, and 
is spread over a space of 350 yards from the creek ; one opening has a basin diameter of 
30 inches ; 8 inches below the surface is the well of bitumen, which rises and flows over the 
edge, coursing down toward the creek in a small stream^ which solidifies some distance below, 
forming a layer of pitchy hardness, over which the fresher outflow wends its way. Another 
spring, 20 inches in diameter, resembles the former, being a hole in the superficial sand rock. 
This well has the bitumen in a more fluid condition ; a six foot pole was pushed down through 
the centre of this fluid mass, and found its way readily until, from its pliancy, it no longer 
resisted pressure. The liquid hardens readily at the edges of the spring and on the soil around, 
which is partially liquified by the mid-day sun, rendering it plastic, but not fluid. A third 
spring close by gave ofi* carburetted hydrogen gas, which was inflamed and burned brilliantly 

* On the authority of Dr. Trask's *' Report on Geology of Coast Mountains." 
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but unsteadily, owing to the insufficient supply. During its combustion a distinct gurgling 
sound was heard, noticeable twenty yards off, showing that the superficial spring was in com- 
munication with underground chambers, partly filled with air and partly with fluid, through 
which the gas, bubbling in its passage through to the external air, produced those gurgling 
noises. In this well the bitumen appeared to have varying levels-; thus, upon one day it was 
found within three inches of the edge of the well ; in visiting two days afterwards it was found 
five inches lower down. Probably the gaseous pressure of the lower chamber made the fluid 
assume a higher level. These springs, four in number^ are all found on the north side of the 
creek ; on the south side the same sandstone rises in a hill nearly 400 feet high^ at the base of 
which the creek cuts a channel 40 feet long, 20 feet deep, and 6 feet wide, forming a natural 
lock. Still further to the north, in the dry bed of a small creek, a large accumulation of solid 
asphalt is found, in places 4 feet in depth by 12 feet wide. On following these up 120 paces, 
the upper limit was reached, but no spring or well appeared. A thin shelf of sandstone stretched 
from this to the creek ; on following the exposed edges of which, the bitumen was observed 
to ooze from between the lamina of deposition of the rock, which here is of a darker tint than 
the beds higher up or lower down. There is no tilt or apparent rupture of the strata at this 
point, nor any evidence of igneous rock in the vicinity. The whole area of the surface occupied 
by the spring and overflowed by the deposits might be about thirty acres. The springs are 
collected together in an area of 200 yards, close to the road and the creek. 

3. Bitumen of Napoma ranch, — This ranch is built upon a terrace of white sand, from 12 to 
15 feet deep, below which is the white clay rock, a stratum superior to that described as the 
asphaltic rock of San Luis valley. Trappean rock is found northeast of the ranch, about 500 
yards distant, toward the foot hills of the Coast Kange. The overflow of asphalt is very 
limited ; there are no distinct wells or springs, the mineral appearing to be forced up through 
the seams of the strata. The strata dip southwest. 

4. Bitumen of La Furissima, — Evidences of this deposit were found in the low range which 
divides the valley of La Purissima from that of Santa Inez. The wagon road to Santa Barbara 
crosses these hills, which are all tertiary strata. On the Santa Inez valley slope of these strata 
the white argillite was found. In these were found the minute vertebrate casts alluded to 
in describing the argillite, which contains the casts of area obispoensis. 

These layers were of a light fawn color ; lower down they were blackish, and had a bitu- 
minous odor. Thin crusts of bitumen lay between the layers, and where the rocks were fissured 
they were cemented together by the asphalt. These dark layers contain the impressions of the 
fish skeletons equally with the fawn colored layers. Although no distinct deposit of bitumen 
was found here, yet it is highly probable, had time been devoted to it, that it would have been 
found in this locality. 

5. The bitumen of Santa Barbara, — This bed is one of the most extensive and best defined in 
the State, lying 6 miles west of the town of Santa Barbara, among the low hills along shore. 
The terrace land of the shore further west has here almost disappeared, and in its place are low, 
fiat-topped hills, or swelling land, forming a small terrace at the shore edge, with vertical clifis 
70 feet high, at the foot of which is the sea beach. Along this cliff, for 1^ mile to the west, 
the asphalt may be traced. Eight distinct veins are found to pass up and overflow above, so 
as to form a coating of solid bitumen on the surface of the terraces, in places 8 feet deep. Occa- 
sionally grass grows over it, owing to a slight sprinkling of clay overlying the bitumen ; but 
in most places the bitumen is uncovered, and destitute of vegetation on its surface. Several 
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exposures of this stratum have been made in various spots, in order to determine the extent of 
the deposit. Its greatest thickness appears to be at the cliff edge ; in some spots^ 600 yards 
inland, it is^^not thicker than three feet. The veins of supply rise at angles nearly vertical, 
varying from 3 inches to 4 feet in thickness. The mineral in the seam has a brown lustre ; 
melts readily when heated ; when cold, has a brittle conchoidal fracture. * At the western edge 
of the cliff is a small cape stretching into the breakers some 80 yards, the extremity of which 
appeared to be made up of asphalt, Masses of bitumen were w^ashed ashore containing mussel 
and other shore shells. The beach deepens so rapidly as to allow of no observations at ebb tide. 
Following this cape back to the cliff, the strata are found to dip away from it on either side, 
giving a curved form to the beds along the cliff edge. In crevices of the lamina of this curve 
the asphalt has infiltrated laterally. The veins must have once poured out their mineral on 
what was once a shore, on which are found the same shells of the present seas as were met at 
San Luis Obispo upon the terrace. 

It is difficult to estimate the total quantity of bitumen here, but it must be very great ; 
perhaps 300 acres of ground were occupied by the overflow, varying from 2 to 8 feet in thick- 
ness. It is easy of access, because lying along the cliff, down which it would only require to 
be sent by a ^^ chute," and load a"vessel with it below. Accurate search was made for some 
spot where it was at present being forced up, but there did not appear to be any traces of 
present action. 

The land is claimed by Mr. Hill, owner of a ranch in the vicinity, but squatting has taken 
place close to these beds in the valley. Some claim is also made to it by Messrs. Palmer, Cook 
& Co., of San Francisco-. As the bitumen here is wholly solid, it is better adapted for shipping, 
and some cargoes have been sent to San Francisco, where it can be delivered for seven dollars 
per ton^ total charges. The upper portion of the bed is mixed with alluvial clay and beach 
shells, but the great mass of the bitumen is pure ; it has a brownish-black color, without the 
glossy black of the Cuban variety, and dissolves readily in spirits of turpentine. It is, however, 
equally valuable for all purposes of manufacture, except that of varnish making, with the 
Chapapote mineral. Considering its purity, abundance, and facility of transport, this bed of 
asphalt may be looked upon as the most important one in the State. 

The strata found at the cliff edge are as follows, from above downwards: 

1. Bed of hard gray sand, including a calcareous layer filled with beach shells, 6 to 8 feet 
thick, and is unconformable to the strata below. 

2. Whitish clay rock, with threads of asphalt between the laminae ; dip, 55° south 40° east ; 
strike^ north 50° west, (magnetic.) Owing to its softness, this rock is worn by the tide into 
small caves along the beach ; the inferior beds are darker colored, and in belts, a dark layer 
two feet thick intercalating with the whitish layers, and repeated five times ; total thickness, 
about 200 feet, 

3. Greenish arenaceous rock — a fine-grained rock, containing small round fragments of 
quartz ; the bed exposed did not display any fossils ; has the same dip as the overlying white 
rock ; not more than 60 feet thick was exposed when the valley bottom was reached, making 
the total thickness of the exposed rocks 260 feet. 

On the surface cliff, near the cape or headland alluded to, is a collection of shells, of the same 
species as those lying on the shore below, mixed in with the gray sand of the cliff, showing 
that, at the time of this outflow of asphalt, and for some time subsequent, this was the beach 
level. The calcareous layer which underlies this, generally four feet down, is a continuous 
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seam of shells of both fresh and brackish water, among which voluta, melania, natica, and 
helix, are prominent species. Here, then, is an anterior epoch before the upheaval of the 
asphalt, when the surface was the bottom of an estuary similar to that which rolls up the flat 
land behind the present terrace ; so that three distinct periods are chronicled in this cliff, viz : 

1. The deposition of these soft clay beds. 

2. The estuary action and deposition of the brackish water shells. 

3. The elev^ation of this to its present height, 60 to 80 feet; this was most probably 
accompanied by the effusion of asphalt, the elevation being at intervals so as to allow of the 
formation of the beach on the upper surface. 

6. The localities of the Eincon, and the mouth of San Buenaventura river, are more 
remarkable as geological displays of the strata in which asphalt is founds than as actual 
deposits of practical value, A magnesian and trachytic axis runs into the sea at the Eincon, 
forming the headland. Minor protrusive rocks occur, within a few hundred yards of each 
other, between these points, which give the shore line a crescentic form, repeated three times^ 
the concavities being towards the sea. This excavation is formed by the sea, owing to the 
soft nature of the strata along shore, being the same white and brownish clay rocks, overlying 
greenish sandy beds, through which the asphalt leaks up. The strata dip inland or under 
the shore, and are nearly vertical on the beach. In one of these indentations of the shore, the 
strata, as they crop out on the beach and under the water, are commencing with that nearest 
the axis. 

1. Dark greenish sandy clay rock, colored with bitumen. Two hundred feet of this could be 
measured along its edges until the water became too deep for further examination. 

2. Coarse grit clay^ with whitish quartz, seventy feet ; fossiliferous. 

3. Fine grit, with bitumen, forty feet ; making a total thickness of bituminous rocks = 310 
feet. The bitumen is here washed ashore in small masses ; along shore the bitumen is only 
found in threads leaking through the strata, which are cleared off by the tide^, so that no 
deposit occurs. . 

7. Bitumen of Buenaventura river, — This is found 12 miles above the mission, along the left 
bank of the river, the ascent of which is unusual. Passing the range of hills which abuts upon 
shore at this point, the river opens into a small terraced valley, and thence cuts its way through 
an undulating country which lies between the back of the shore range and the little valley of 
Matilihah. This is occupied by coarse brown and reddish grits, such as form the lower beds of 
the Santa Inez range ; here they dip northeast and southwest, within a narrow compass, owing 
to the intrusion of trachyte, whitish felspar rock, and porphyritic felspar with orthose crystals. 
This rock crosses the river and does not exhibit an exposed breadth of more than 60 yards ; in 
proximity with it and on its northern edge near the left bank of the river, is a spring which 
deposits a large quantity of sulphur ; its temperature was 64° Fahrenheit, the air being 55° 
Fahrenheit. Along with the spring is an overflow of bitumen, which has covered up the soil 
20 feet around and 2 feet deep ; it oozed up not from one point but apparently from crevices 
extending some yards and wide enough to allow a 2-inch pole to be inserted, which could be 
pushed down 4 feet, but was then arrested by the tenacious character of the bitumen. The 
strata are not the clay rocks usually accompanying the bitumen, but are the brownish sandstones 
of Santa Inez. Here, too^ as in other places where sand rock is close to trachyte, it is colored 
red, by oxide of iron, of a vermilion tint, and in riband strata. The deposit of bitumen at this 
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point is limited, appearing to be the commencement of a series of outflows which are found 
occurring at intervals eastward beyond the Los Angeles river ; with this deposit may be 
classed — 

8 and 9. The deposits on the Santa Clara river tributaries and among the Susanna hills. — These 
are but the eastward continuation of the foregoing outflow. If a line be drawn from the deposit 
upon the banks of the Buenaventura river in a southeast direction it will touch in its course 
several disturbed districts containing deposits of bitumen, until it reaches the low hills north of 
the Pueblo Los Angeles, where the largest overflow has occurred. The small stream which 
rises in the low ranges between the Buenaventura and Santa Clara rivers, and finds its way 
down to the latter stream, about 12 miles up its valley, received the provisional name of Tar 
creek, from its passing through a small valley in which several very extensive outpourings of 
the bitumen were observed. Several small wells or springs were found here delivering small 
quantities which had consolidated further down on the slope. The bitumen occasionally pours 
into the creek, and is washed down into the Santa Clara river. It was detected here at the 
point of debouche by the main party travelliug up the Santa Clara, and observed by Mr. Camp- 
bell along the line of the creek in a cross trail made by him from Matilihah to the Santa Clara 
river. From these deposits occurring in a rocky district troublesome to reach they are not 
available sources of bitumen. They occur in the brown sandstones last described. Deposit No. 
8 has already been alluded to as most distant from the shore. 

A deposit occurs on the Sauta Clara river, about 8 miles up the valley ; it occurs in one of 
the ranges of the Sierra Susanna, is in close proximity to whitish amygdaloid trachyte, met 
with in brown sandstones accompanied by a sulphur spring, and is on the right bank of the 
river. Eeport speaks of other deposits occurring more easterly along the chain of hills which 
run toward the Cordilleras. 

10. Deposit of Los Angeles valley, — This occurs between one and two miles north of the 
pueblo in an air-line, but as the low range of the Sierra Monica, in which it is found, runs east 
and west, the road winds round northwards to reach it. These hills are a brownish yellow 
sandstone, 120 feet thick, passing into a hard shale lower down, which is covered up by a bed 
of soft white argillite, 20 feet thick, in turn covered up by a thin brownish fissile slate, 30 feet 
thick; above all is a capping of porphyry and granitoid drift gravel. The strata are tilted at 
a high angle dipping northwest from 40° to 75° ; upon their upturned edges the drift rests. 
Whitish trachyte and greenstone are the upheaving rocks which run north 60° west, and alter 
the sandstones in contact, rendering them hard^ sonorous, and giving them a line of cleavage 
nearly vertical to the plane of deposition. The asphalt is protruded through these strata near 
its contact with the argillite, forming distinct wells or springs, which overflow. The land 
where they lie is owned by Captain Dryden, who, at the time of visit, was sinking a pumping 
apparatus for hoisting up the bitumen, which is very liquid at this locality, where it forms a 
small pond a fourth of a mile in circumference, thinner in the centre than at the edges. Like 
the other varieties, it readily dries, and forms a solid pavement some yards around the edge of 
the wells. A large quantity is occasionally raised and sold at the rate of 40 gallons for $5 = 
|1 for 8 gallons. It is in some demand for flooring and roofing. The quantity drawn at 
present seems to have no effect in diminishing the supply; but as intervals of rest occur, owing 
to the limited demand, it is difficult to say what continuous supply could be derived from this 
source. Mr. Trask, in his report, (Doc. No. 14, Calif., session 1855,) calculates the amount 
of asphaltum in the counties Santa Barbara and Los Angeles as not less than 4,000 tons. As 
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he only mentions two localities, that near the village Santa Barbara, and this at the Pueblo Los 
Angeles, it is presumed he reckons these as the only sources of his estimate. He does not state 
what the data of the calculations are. The actual quantity already poured out on the Santa 
Barbara shore is vastly greater than at Los Angeles — perhaps 6,000 tons would be an under 
estimate for Santa Barbara ; but as a source of asphaltum it is- extinct, while that at Los 
Angeles is actively pouring out, although the accumulated overflow is much smaller. As a 
locality of asphaltum available for the present time, Santa Barbara is pre-eminent ; as a source 
for future wants, Los Angeles is preferable. By following the line of upheaval on these hills, 
and making borings in the sandstone strata, the bitumen might be reached, and thus other sources 
than the natural well might be drawn upon. Dr. Trask values the asphaltum delivered in San 
Francisco at |16 per ton ; but this is an excessive valuation according to the price at the.well, 
or according to the calculations of freight from Santa Barbara northward ; allowing the value to 
be $7 per ton, and in Los Angeles valley about 2,500 tons to be at present available, the 
actual present wealth of the valley in bitumen would be |17,500. This, of course, does not 
take into account the future supply. 

11. Bitumen of San Pedro hills, — This locality, south of Los Angeles valley, is a soft argillite^ 
similar to those found further north in the Monica hills ; in these strata the bitumen leaks out 
in small quantity as at Eincon and San Buenaventura rivers ; no actual deposit has been met 
with as yet upon these hills. 

Further east, in the valley of San Gabriel mission, the asphalt again occurs in small 
quantity on the low hills nearest the mission. 

12. Bitumen of San Juan Gapistrano, — This is taken for granted on mere report, as no 
observation was made ; it is said to occur a few miles inland above the mission in considerable 
amount. 

18. Bitumen of San Diego, — Here, as was stated at the commencement of this chapter, the 
asphaltum is observed on the seashore, washed up by the tide ; as the strata in the immediate 
vicinity of high water is the greenish arenaceous rock, in which it is elsewhere usually found 
associated along the Santa Barbara shore, the point of exudation cannot be far out under water. 
The strata dip toward the sea at False Bay and Point Loma, it is probable that its true position is 
not far distant from the shore. 

From the foregoing notice of the occurrence of bitumen at various points in the State, and of 
the accompanying strata, it appears evident that the beds in which it is found are accidental and 
not constant. From the outpouring being close to shore, it has happened more frequently that 
the softer and more recent of the deposits are those in which it is found ; but that where it 
occurs inland it is met with infiltrated in a brownish yellow sandstone, which lies below the softer 
rocks along shore; in other words, it is sometimes met in the Santa Inez brownish-sandstones, at 
others in, the softer argillites of the San Luis series. The immediate cause of the outpouring is 
the upheaval of trachyte and amygdaloidal greenstone, and almost in contact with this rock it 
i^ at present oozing out; showing that this elevating force is not yet quiescent. At Santa 
Barbara, east of Point Eincon, and a few other localities, where magnesian talcose rock or 
scoriaceous lava is the upheaving cause, the action has ceased and the deposit is limited ; 
lastly, it may be remarked that numerous as are the serpentine protrusions among the mountain 
ranges, constituting some of the most powerful uplifts in the Coast mountains, and occupying a 
breadth of surface which is not equalled by any other volcanic rock, yet nowhere is bitumen 
found close to it. 

15 U 
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It is idle to speculate on the ultimate source of tlie asplialtum. The generally attributed 
source, namely, a deposit of fossil vegetable matter, overheated by volcanic rock, does not 
occur here apparently. The strata through which it escapes are, where observed, almost 
destitute of vegetable matter ; the brown sandstone wholly, and the greenish having a few 
traces of fucoids scattered sparingly throughout their ' structure. The tertiary rocks are in 
contact with the granite. The sedimentary strata are but a few hundred feet thick before primary 
rock is met with." There are no palaeozoic strata^ no extensive beds of metamorphic shale, no car- 
boniferous strata, to fall back upon to hypothecate its formation. There are no excessive fish 
remains whose decomposition could be supposed, even by a chemical imagination, capable of 
producing this mineral. 

Illustrations of the relation of asphaltic effusions to the contiguous strata are given in plate 1, 
figure 2, plate 4, figures 3, 4, and 6, and plate 5, figures 2 and 3. 
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CHAPTER XVII. 

OF THE aUATEBNARY PERIOD IN CALIFORNIA. 

Observations on the condition op California, from the time of the deposition of the blue clay downwards.— Eemoval of 

THE UPPER LOCAL DRIFT OF THE PACIFIC SLOPE, ITS PERSISTENCE IN THE BASIN AND REGION EAST OF THE SIERRA NEVADA. —AnCIENT 

terraces.— Height of the waters of that period.— Detailed notice ofthe terracesonthesalinas andean bonito.— Santa 
MARGARITA.— Terraces of santa maria valley, panza valley, and carrizo.— Terrace levels of santa inez valley.— 
Terrace along santa Barbara shore.— Terraces of los angeles valley.— Synopsis of localities of terraces, with 
their altitudes.— Upraised beaches of san luis obispo.— At san pedro.— Section of cliff along shore.- Recent 
shells in. 
An interesting portion ofthe physical history of California is that which relates to the period 
immediately preceding the existing state of things ; a period subsequent to the deposition of 
the blue clays, the sands and gravels, with the coarser local drift, (the chief portion of which 
latter has since been removed,) and anterior to the present physical configuration of the coast 
line. This period, when the present surface of California was an ocean, studded over with ellip- 
tical shaped islands, which ran in linear meridional directions, with currents flowing between 
them and the main land, was one of elevation with perhaps occasional depression, and is one 
the history of which there are not materials sufficient to transcribe. 

In the geological history of this coast, depression of the land does not appear to have entered 
largely as an element. There are no records of a continued slow depression, as evidenced else- 
where, by the carboniferous limestone of the Kocky mountains or of the Jurassic beds further 
east; at those epochs it does not appear that this portion ofthe continent even skirted the main 
land— far away out to the westward it formed the depressed bottom of an ocean whose shores 
were no nearer than latitude 110^, if, indeed, at that epoch, there were any summits of the 
continent from latitude 30° to 37° north, above the surface of the sea. So far out at sea was it 
that it does not appear that the granitic bottom received much current deposits until the com- 
mencement of the tertiary era, when, by the elevation of the land, basins, estuaries, and rivers 
of greater magnitude aided in the formation of those sand and clay beds which have accu- 
mulated to so remarkable a thickness. 

At the close of the tertiary period commenced the deposition of the thick blue clays with 
broken shells ; then the yellow clays and gravel, and, lastly, a bed of conglomerate drift, of 
mixed material, granitic and volcanic materials, which upon one valley plain at least has been 
wholly removed. This drift is derived wholly from the degradation of the neighboring sierras, 
and contains no masses of rock which cannot be traced to the hills in proximity. The removal 
of this upper bed from the vallies of California has materially increased its fertility by dimin- 
ishing the depth of the porous unconsolidated strata. East of the Sierra Nevada, in the 
Mojave valley, the same unconsolidated strata are met with ; also of granitic and volcanic con- 
glomerate in the upper bed ; but there it has not been removed, and, like the Sonoranian desert, 
it is a barren plain which appears to have undergone but little physical alteration since its final 
upheaval. 

With the deposition of these Quaternary beds, especially of the upper ones, and with the 
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corresponding periods of upheaval, are connected the system of ancient terraces which are met 
with everywhere in California. Every mountain side, every river hed, and every valley of that 
State, presents the unmistakable evidence of a state of quiescence of the land with that of a 
gentle flow of water over its surface during the latter portions of the Quaternary period ; a 
period of deep estuaries and hays or straits, whose waters' then reached points now nearly 2,000 
feet above sea level ; or, in other words, when the land was so much depressed. 

Notice has been made incidentally, throughout this report, of the occurrence of these terraces, 
in describing the localities where they exist, and it is only necessary here to collect the obser- 
vations together so as to form a connected series. 

Commencing at the Salinas valley. Three terraces have been noticed on its bed, and one on 
the sides of the San Antonio hills, near the mission San Miguel. On the Arroyo San Bonito, a 
tributary of the Pajaro, which it joins near the village of San Juan, a little south of that village 
both sides of the stream have continued terraces for four miles ; that on the east side, or right 
bank, being 40 feet above the present valley level ; that of the west side almost as high, differ- 
ing only in a few feet from the other ; the valley is not a mile across. This valley is one which 
leads out from Tulare valley through the high range (Gavilan) separating them. 

The pass leading from the Salinas valley to Monterey is formed of the sandstones overlying 
the Point Pinos granite ; at an elevation of 140 feet the summits of the low hills are flattened 
and covered with oaks ; the terrace flat extends 100 yards back on each slope. This may have 
some connexion with the terrace on the valley side of the San Antonio hills, which are about 20 
feet above the level of the stream. South of the mission San Miguel, terraces again are found 
on each side of the river bank, TO feet above the river level. 

On the west side of the valley Santa Margarita a small terrace is found, 12 feet above the 
valley ; on this eminence the old mission Santa Margarita is placed. There were no terraces 
observed on the east side of this valley. 

In the valley of the Santa Maria river some of the most extensive systems of terraces were 
found. These have already been noticed in full ; they stood on the sides of the San Jose range, 
at the^ heights of 30 and 150 feet, respectively ; a terrace flat existed on the central insular 
elevation and a high terrace on the Santa Lucia hills, above 150 feet high. Besides the hill 
terraces, the river bottom was cut down so as to form a well marked terrace, the ancient or 
upper bed of the river. 

On the east side of the San Jose mountains, in the Panza valley, and the elevated land of 
Carrizo along the banks of the Estrella river, two sets of terraces were found, the lowest at 12 
feet, and the upper 70 feet above the river level. It is remarkable how nearly the levels of the 
upper terrace here and that of Santa Maria valley assimilate, the one being 1,650 feet above the 
sea and the other 1,670. The difference might, perhaps, be placed to an error of observation. 
In Santa Inez valley the river flows in a narrow bottom, 25 feet below the ancient valley, in a 
direction toward the west ; north of the ancient bottom, a terraced land spreads along its margin 
20 feet above it; upon this the mission Viejo is placed, behind which (N. W.) another terrace 
rises 100 feet above the last. These different levels are not distinctly repeated on the south side. 
The different ancient water levels are, then, — 

25 feet — ancient river bed, above which, at 
20 feet — 1st terrace, 
100 feet— 2d terrace, 
above the present river level. 
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Leaving the inland valleys and taking the line of travel along shore, the whole base of the Santa 
Barbara range, coastward, will be found to be one great terrace from Point Ooncepcion to Santa 
Barbara. As the latter place is approached, the terrace at the immediate base of the range is 
scooped out, forming a valley, in which Mr. Hiirs ranch and the Indian village are situated. 
This terrace_, in its whole length, averages 80 feet above the ocean level, toward which it presents 
cliff edges. 

At the mouth of San Buenaventura river the foot hills of the Santa Inez chain approach the 
shore ; on the shore edge of these, terraces are found 150 feet above the mesa land below ; in 
the valley of this stream terraces of small elevation are found ; in the valley of Matilihah, 
which lies near the head of this stream, surrounded by the converging ranges of the coast, 
terraces exist on the hills on each side of the valley at an elevation of 60 feet above that of 
camp, which was 2,000 feet above the sea. 

On the sides of the hills, the continuation of the Sierra Monica, extending into the Los 
Angeles plain, terraces of small extent are found ; their elevation does not anywhere exceed 
100 feet above the level of the plain. 

The following synopsis of the localities where terraces have been found, with their relative 
and absolute height, may serve as a conclusion to this brief notice of the evidences of rising 
land : 
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The terraces of the Salinas are illustrated in plate 1, fig. 1 ; of the Santa Maria, plate 2, fig. 
4; of Santa Inez, plate 3, fig. 1 ; of Santa Barbara, plate 3, figs. 2 and 4; and of Buenaventura^ 
plate 4, fig. 6. 
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Ancient sea beaches have been observed at a few points in or near the shore. In San Luis 
Obispo county one well marked sea beach is found on the summit of a conglomerate hill which 
overhangs the west side of the valley a little south of Corral de Piedras ; the summit height, 
300 feet above the plain, was covered with fine quartz sand, mingled with broken and perfect 
shells such as exist on the shore a little west, as the Saxidomus Nuttali, a common shell along 
the coast. Another beach was found on the summit of a small hill which lies directly at the 
mouth of the San Luis river on its southern side, with similar shells ; this hill had not an alti- 
tude much exceeding 150 feet. The shells found on it were precisely similar to those found 
along the present shore at the base. 

■' On the terrace, a few miles north of Santa Barbara, deposits of fine quartzose sand with the 
broken shells indicated the existence of an ancient beach along its line, and similarly at the 
port of San Pedro along shore, where the cliff has been cut down for the improvement of the 
wharfage ; besides the terraced flat above, which may be 40 feet high, the cliff itself presents 
the following section, from above downward : 

Alluvial clay and sand, 10 feet. 

Calcareous bed, (beach,) 8 feet. 

Arenaceous clay with modiolus, cardium, and small univalves, 22 feet. 

The strata dipping southwest. At another point north of the custom-house, a section slightly 
different was obtained ; the distances between the two points might be 500 yards along shore, 
the strata dipping north-northwest. 

Alluvium, 8 to 11 feet. 

Eaised beach, with shells, 4 feet. 

Argillaceous rock, 6 feet. 

Yellow and blue clays stratified, 30 feet. 

Accompanying the Venus Nuttali is a trocJdta, also very common along shore ; these two shells 
form the mass of the perfect as well as of the comminuted shells of every raised beach along shore. 
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CHAPTER XVIII. 

GEOLOGY OF THE DISTRICT PKOM SAH DIEGO TO FOBT YUMA. 

TeRTIARIES op SAN DIEGO. VoLCANIC ROCKS NEAR SAN PASQUALE. SaN YSABEL.— AxIS OF THE CORDILLERAS. WaRNER's 

RANCHO. AgUA CALIENTE. MINERALS IN THE GRANITES OP SAN PELIPE. SPRINGS OP. PoRPHYRITIC ROCKS BETWEEN 

SAN FELIPE AND VALLECITAS. — SpRINGS AT LATTER PLACE. ThE CORDILLERAS' — ThEIR BREADTH, ALTITUDE, AND STRUC- 
TURE. — ^Volcanic intrusions in. — Included gneiss. — Probable age of the range. — The Colorado desert. — Tertiaries 

AND alluvium. — CuRVED BEDS. EXCESSIVE TEMPERATURE. PHYSICAL APPEARANCE OP THE MARGIN. — SaCKETt's WELLS, 

SOIL AT WATER OP. IgNEOUS ROCKS OP DESERT. LaGOONS. AlAMO MOCHO. WeLLS AT, AND SUPPLY OF WATER. — SlOPE 

of the DESERT.' — ItS VEGETATION. — ClIMATAL PHENOMENA. TrAIL TO COOk's WELL.' — DriFT SANDS. — On NEW RIVER, 

AND THE PRESENT FLUVIATILE ACTION OF THE COLORADO.— AlGODONES. COLORADO RIVER FoRT YUMA.— Of THE CLIMATE 

AND WATER SUPPLY OF THE DESERT. 

The low hills which surround the mission of San Diego, and which form the headlands along 
the extremities of the harbor, are of the tertiary period, and are similar in character to those 
existing at Los Angeles and further north to the San Buenaventura river. 

These tertiaries stretch inland, forming a high terraced country, which continues to ranches 
Solidad and Penascitas. Trappean and augitic dykes commence to show themselves east of 
this, and the character of the country changes, becoming more rugged and elevated, until San 
Pasquale is reached, where the underlying rock is a soft felspathic granite. The direction of 
the granitic ranges here is south 70° west, cut through by a finer grained porphyry granite 
running east and west ; here and there the granite contains hornblende crystals, but never for 
any distance, returning again to the micaceous variety ; further east, at '^Lagoons,'' (11 miles,) 
it becomes coarser, with well defined crystals of orthose ; these hills enclose small valleys between 
them, well supplied with springs, some of which, coming from deep sources, are warmer than 
the atmosphere in winter time. 

San Ysabel mission is situated among the fertile valleys near the summit of the sierra. 
Granite constitutes the only rock visible ; it is a coarse felspathic variety, and has masses of 
gneiss and mica slate imbedded in it. 

From San Ysabel the trail leads through a granitic canon, the hills on each side of which 
cannot be less than 2,000 feet high. Near Warner's rancho is a hot spring, ^^agua caliente," 
which issues out of a cleft in the granite, and has a temperature of 135° Fahr. The granite 
between the rancho and San Felipe is soft and felspathic, with brownish mica in moderate sized 
plates, and, as at San Ysabel, is not homogeneous, but contains masses of gneiss imbedded in 
it ; here also occur veins of quartz with imperfect crystals of dark tourmaline, (schorl.) 

The valley in which Warner's rancho is situated has a slight slope to the southeast. On the 
western side, at the base of the hills, are some marks of terrace action. 

At San Felipe, the river_, which a few miles higher up was flowing, had disappeared, and its 
course was indicated by the growth of salt grass, rushes, and a saline efllorescence of common 
salt, gypsum^ and carbonate of potass. The soil is composed of the debris of the felspathic 
granite. The massive rock here is syenite, composed of lamellar hornblende^ and white felspar, 
with, here and there, occasional plates of mica, and some quartz. Through this a vein of 
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brownish granitized rock (protogine?) cuts, running north and south, and dipping 50° east. 
It is made up of light brown orthose, rhomboidal, and hexahedral mica, with talc ; crystals of 
schorl intersect the felspar crystals, and traverse them completely. The syenitic rock is very 
felspathic^ and has two series of divisional planes. 

The coarse salt grass and reeds growing along the river course indicate .the character of the 
water, which is hard, brackish, and curdles soap readily. Behind the new adobe house 
erected by an American settler, a mile south of camp, (May 31,) there is a fine spring of fresh 
water, and there is but little doubt that deep wells would supply good water in abundance, but 
the surface water and the current immediately beneath are saline. 

Between San Felipe and Vallecitas the trail returns somewhat to the west, and traverses the 
gneissosebelt, with porphyry veins, already alluded to, at a point several miles south of where 
they were noticed, between Warner's and San Felipe. Indeed, from Warner's rancho to Oarrizo 
is parallel to the trend of the Cordilleras. Six miles below San Felipe the veins of whitish 
porphyry granite are seen cutting through the igneous rock, (coarse, dark brown, quartzose 
granite,) dipping 28° west by north. Nine miles below camp, at San Felipe, there is a distinct 
intrusion of the finer grained granite (protogine) observed through the coarser rock, which has 
tilted a mass of gneiss rock, one thousand feet in thickness, to an angle of 30°, presenting a large 
anticlinal axis, the gneiss and mica slate dipping away from it both to the east and west. The 
hills on the west, at Vallecitas are granitic, while those on the east are gradually merging into 
porphyry, or trachyte porphyry, becoming reddish brown and felspathic. These hills are termi- 
nated by beds of clay and gravel. They have a slight inclination to the southeast, and have a 
thickness, in some parts of the valley, ranging from 10 to 15 feet. The lower hills of clay are 
terraced. 

The water at Vallecitas is hard and sulphurous, but not unpleasant to the taste. As many 
as twenty springs are concentrated near the camping ground ; these ooze out gently, flow 
down a few yards as a small stream, and then sink into the soil. 

The descent from Vallecitas to Carrizo creek is easy, being down the slope of a valley. Having 
arrived at Vallecitas, the Sierra may be said to be crossed, and its characters in the mass may be 
better comprehended. 

The granitic upheave which constitutes the great bulk of the chain cannot be less than 40 
or 45 miles wide from San Pasquale to nine miles east of San Felipe ; many of its summits 
within these limits reach 7,000 feet, and much of the elevated land has an altitude of 4,000 
feet. Throughout this great extent it does not appear to have undergone any subsequent 
alterations by upheaval or intrusion— at least, in its central portions ; but, upon the flanks of 
the chain, both eastern and western, volcanic rocks of a different date are exposed. 

Between Peiiascitas and San Pasquale are found intrusions of trappean rock of an uncrys- 
talline augitic character, which occurred posterior to the deposit of the tertiary beds which lie 
in contact with them. These beds lie in close proximity with the granitic rock, although in no 
place were they observed in contact ; they dip gently (speaking generally) northeast at a 
small angle. Although, therefore, the great mass of the sierra has been upraised since the 
period of their deposition, yet there must have been a granitic chain in existence previously, 
upon the slope of which these tertiaries were disposed, and the maximum elevation may have 
occurred on the eastern or desert border of the sierra. There, as at San Felipe, the granite 
may be observed upraised, fractured, and injected by a latter granite ; and beds of gneiss and 
mica slate tilted up, and even separated into small basins. At more elevated portions of the 
range the gneiss has been observed included in large masses within the granitic rock, as if in 
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the upheaval, the fractured gneiss bed became imbedded in the yet pasty magma of the granite. 
The chemical character of the granite changes from west to east as it crosses, so that the pre- 
dominating mineral apparent in it is as follows : 

West.— 1. Granite, (micaceous ;) 2. Gneiss ; 3. Syenite and hornblendic rocks, with 
protogine ; 4. Felspathic porphyry ; 5. Trachyte. — ^East 

The eastern flank of the sierra is lined by a range of volcanic hills, made up at the base of 
reddish felspar, porphyry, and trachyte, upon which is superimposed a rough conglomerate of 
primary pebbles. 

With our present knowledge it may be difficult to fix the exact geological age of the sierra. 
As the Miocene tertiaries of San Diego rest unconformably upon the granite west of San Pas- 
quale, the elevation of the great mass of the granitic axis is post-Miocene; but during, and 
perhaps before, that period a submarine and partially elevated axis was already in existence, at 
which time was probably formed the terraced summits in the valley of Warner's ranch. Since 
then the later granites and porphyries forced their way through the eastern sides of the chain, 
and may have contributed to raise the whole range very much higher ; yet, between that eleva- 
tion and its present height, an interval of considerable time occurred to produce the unconsoli- 
dated sands and clays of the desert ; and as this last elevation of the basin has been uniform 
over its whole breadth, (100 miles at this point,) such an upheaval could not have occurred 
without also lifting the whole mass of the sierra to some additional higher level. There are 
thus three periods of elevation of these mountains, the latter two of which are post-Tertiary, 
(post-Miocene.) 

Carrizo creek runs over a series of stratified clays and gravels, derived from the decomposition 
of the primary rocks, chiefly syenite, loose drifted pebbles of which cover up the sand beds 
of the valley. Through this sand the Carrizo, in places,, cuts its way very deeply. At the 
camp (June 3) on the river, the sand is deposited unconformable to the primitive rocks, upon 
whose side it reposes. It is mainly composed of disintegrated syenitic rock. 

Having travelled seven miles down the Carrizo, from the point where it is first struck on the 
descent, the trail leaves the river and rises a terrace of stratified clay gravel, with interlaced 
layers of gypsum. 

This is the rim or margin of the desert, and constitutes the edge of a terrace, the uppermost 
of two. The level of this terrace is 430 feet above the sea, and slopes gently south and east, 
until it meets with the beds of fine clay constituting the desert bottom. Coarse gravel pebbles 
are strewed plentifully along the trail, with volcanic debris, broken fragments of ^basalt, por- 
phyry, purple felspathic rock, and loose blocks of syenite ; through this the creek cuts its way. 
This heavy deposit of sand is denuded in places by pluvial and fluviatile action, posterior to its 
deposit, and before its elevation above the sea, the wearing of the porphyritic and igneous 
rocks occurred, whose pebbles are loose, upon its surface, and which cannot be classed with 
results of causes at present at work. Between the river and the volcanic rocks at the east, the 
stratification of the sands are well marked; and while they are unconformable, they have a 
slightly arched line of deposit, giving an apparent dip east and west of the river, which may 
be due to its having been deposited in an estuary mouth, or in the manner in which tidal bars 
are formed. 

The storekeeper inhabiting the adobe house, newly built at camp, informed us that, for the 
eight months previous to our visit, it had not rained but once, and then for eight hours heavily ; 
16 U 
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at the foot of such lofty, rough crested hills, raiu, indeed^ must be scarce, yet the evidences 
of running water are displayed in the base of the triangular valleys leading out from the 
range, where large stones are washed out of the clay and sand and heaped together, the result 
of existing causes. 

The temperature at Carrizo on the 3d June at noon was 100^ Fahrenheit, and rose to 102^ 
later in the day. The effect of this heat was visible on the stream, which ceased flowing about 
11 o'clock, nd did not recommence until near 4 p. m., being absorbed or evaporated during 
the interval ; two miles below it completely disappears in the sand. Five miles below camp 
is the high terrace mesa, on gaining which may be seen the desert, as far eastward as the eye 
can reach. To gain this the river bed was travelled down and its direction followed, for a few 
miles, where the valley widened into a flat water bottom, the reservoir of the Carrizo ; in front^ 
was the denuded wall of the sands and clays, forming the terrace alluded to, and on the west 
lay the volcanic rocks, which we were leaving behind, and which stretch out eastward in 
isolated mountains, forming an unconnected chain, and by contrast to the even surface of the 
desert resembling, what no doubt they were at one time, headlands and promontories of a bold 
shore jutting out seaward. 

From the edge of the te^-race to Sackett's wells is about twelve miles. The soil along the 
trail is made up of rounded quartz pebbles, grains of felspar, and larger pieces of the minerals 
mixed ; a yellowish brown fine sand, with some plates of mica, and occasionally small masses 
of purplish felspar porphyry, all rounded and well polished. Mr. Wm. P. Blake, in Lieut. 
"Williamson's Eeport, 1853, (H. Doc. 129,) no doubt gives the true explanation of the polishing 
of these pebbles by the attrition of the loose sands, drifted by the winds. 

The unconnected chain of igneous rocks, referred to above, run out about forty-five miles 
into the desert. One of these lies north of the trail, and one to the south, separating it from 
the Gulf of California. One of the most remarkable of these is ^^ Signal mountain,'' which 
serves as a landmark to travellers from Fort Yuma to San Diego. These hills, judging from 
their outline, are granitic and porphyritic, with trachyte. Although at a distance they appear like 
a connected range, yet, when examined carefully, it may be seen that many of them drop 
down at their extremities, and can be travelled round. Indeed, there cannot be truly said to 
be any distinct range running eastward from the Sierra Nevada, the general character of the 
country being a series of extended plains, separated from each other by isolated ridges or lone 
hills, whose general direction is noith 40° west, and south 40° east. 

The water supply at Sackett's wells consists of three wells sunk in an arroyo bed, which 
itself lies four feet below the general level ; the wells are about six feet deep, and the water 
oozes in about five feet down, flowing through a thin stratum of sand which overlies the clay bed 
constituting the bottom of the wells. Should this last be cut through, the water sinks, and it 
would be necessary to go several feet down to meet another clay layer. A fourth well was dug 
at this time by a Mexican party travelling along. The water is good, not saline, and agreeable 
to the taste ; it oozes out of the sand layer slowly but steadily, requiring six minutes to fill a 
two-gallon pail. In one of the wells a barrel has been sunk, which should be done with all, and 
an adobe building should be raised around them. The clay at the bottom of the wells is a 
yellow_, tenacious argil, and advantage might be made of it for brick manufacture, or using it 
merely puddled as a material for the sides of the wells. 

From Sackett's wells to Alamo Mocho is thirty-five miles, passing by Lagoons, the trail lying 
along a heavy sand road. The sand is fine, white^ rounded quartz, like beach sand ; the clay 
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gradually disappearing tlie greater the distance from Sackett's wells. In the proximity of the 
Lagoons the trail was on hard clav, and thence to Alamo Mocho it was mostly sand. This 
may be looked upon as the most sterile part of the whole desert, on many thousand acres there 
not being a blade of any vegetable growth. In several places a thin pellicle of clay, two to 
three inches deep, covers the surface, over which are scattered- thin and worn specimens of 
Anodonta, and some small univalve Gasteropods. 

The southeast wind, rising in the afternoon, and blowing with considerable force, carries 
quantities of the fine sand with it, rendering it intolerably hot and scorching to the eyes ; 
raising the temperature often to 115° Fah. 

The '' Lagoons/' which are occasionally filled by overflows of the Colorado river, (distant 52 
miles,) were, at the period of visit, perfectly dry at Alamo Mocho, so called from the stunted 
and deformed cotton-wood tree near the springs f the water is in the bed of the New river, so 
called, as being the new course which the Colorado took in its overflow of 1849. The channel 
bends at this point, and is considerably below the level of its bank upon one side, where yellowish 
red stratified sand, 35 feet high, abut upon its edge. A new well has been sunk lately by the 
United States goverment, which is 22 feet deep, and yields an ample supply of water, not less 
than' 500 gallons being removed in 2\ or 3 hours ; which, though it had an evident eff'ect in 
lowering the well, yet its place was quickly supplied by a fresh influx of water. The well is 
defended by a wooden shaft and plank work to keep the sand from caving in, which is carried 
up 4^ feet above the level of the surface ; a bucket and windlass would be a great boon to this 
spot, although found difficult to keep them. Two older wells are at a few yards distance along 
the same line. In one, the timbers have yielded and decayed, and the well is useless ; the other 
is in good order, but does not yield so large a supply as the new well. 

The whole level plain of the desert at Alamos slopes gently to the south, and in this direction 
also runs New river bed to meet the Colorado, The line of the bed can be traced by the cotton- 
woods and mesquite, which are only found growing there. On the level of the desert there is 
nothing but obione and larrea, the absence of vegetation being thus shown to be due, not to 
any infertility of the ingredients of the soil, but to the absence of sufficient moisture at the time 
when vegetable growth requires it. 

There is much more moisture in the air at this part of the desert than further west, at Carrizo. 
Hills 8 and 10 miles off were indistinct and hazy in outline, neither were the stars so distinctly 
visible ; but no dew falls at night, the earth not cooling down sufficient to deposit the moisture 
from the atmosphere, consequently vegetation suffers almost as much as if the air were wholly 
deprived of it. Low clouds form in the north, near the horizon, and interchange sheet lightning 

in distant flashes. f 

The gravel pebbles of the desert are made up of volcanic and silicious material, chiefly the 
former, of which the reddish porphyry is most abundant ; hyalitic quartz pebbles are common, 
with hornstone, chalcedony, phrenite, and chabasite, all rounded and polished by attrition so 
as to be perfectly smooth to the touch ; small fragments are also scattered about there. 

The trail from Alamo Mocho to Cook's well is along the bank of the New river. The surface 
of the trail between these two waters (22 miles) is more undulating than the former portions of 

*"^ ''Mocho/' Sp. lopped, maimed— by many this word has been mistaken as being *'mucho"— plentiful— but cotton, 
woods are not abundant here ; it is too dry a situation for them, while the disfigured tree is not many yards distant from 

the well. 

t These phenomena occurred during the prevalence of the south wind, which,, blowing from the Gulf, may have produced 

a condition of atmosphere not often found in this region. 
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the road and is alternately a sandy and clayey floor. The sand along this route appears to 
have drifted m heaps over raised clay monnds ; these, at first sight, appear to be sand banks, 3 
to 5 feet high, which have drifted and collected round the stems of mesquite ; but observation 
shows that those shrubs have grown there when the bank was at that upper level, or nearly so 
and while these banks are sand above they are mainly clay below ; their formation is more due 
to water than, to wind. At Cook's well the terrace bank is 30 feet above the well, which is here 
m a bed similar to that at Alamo ; there is but one well or spring, 4 feet across, and having 
waterinitabout_3 feet deep ; its taste is clayey and slightly hard; the well does not refill 

sTnt t". TTJ: ^ 'T"'- ^' *^' ""' '' "°^^ ^°^«* ^^- *'-- ^* ^1^-0, a shaft 
sunk to a depth of 20 feet ought to aff-ord a bountiful supply of water 

vJJrr'rf ^^ZT '^""" *^' "'^'''' ^"' flourishing, and, about Cook's well, in pod and 
very abundant. Yet there were passed groves of cotton-wood trees which were standing, but 
dead ; some few had fallen, but were, owing to the dryness of the air, but little decayed The 
scene presented the curious anomaly of one class of trees flourishing in the immediate vicinity 
of the dead trunks of another species. To what change of local conditions could this be due? 
Some have believed in the elevation of the soil, by which it became too dry to sustain these 

suplrt Zr^- .^^' "'"V'^ ^^^^^^ ^'^^^^^*^°^ ^'^ ^--^^' *^- - - lo-l evidenced 
suppor this view ; besides, at higher levels at present, that is, at Alamo Mocho, a few flourish- 
ing cotton-wood trees exist. The cause, like the effect, is no doubt local, and my be a^Iuted 
to the lessened supply of water from the Colorado river reaching this point 

is ^r^^l^Vl'^^'^^' of theColorado have only recently flowed into and formed New river 
^ evidently an erroneous one ; a single fluviatile eruption could not have formed the deep and 
well worn trough which is displayed at the Alamo. At the present time, the lowe stratified 
sands of the desert are water-soaked by the Colorado river ; the wells a In^arw 1^^^^^^^^^^^ 
visited,) at A amo, and Cook's well, are the waters of the Colorado filtered through and at'o 

into tb Jr If ^1 ' ""^ '^' P°^^* ^^^"-^ '' ^'^^'' ^«r* ^^^^ "ntil it debouches 

awav and > 7 f' ^^ T' '"*^'^*' ^'^ '^''''''^^' ' '' ^^^^^ ''^ ^-^^^ ^7 washing them 
away, and it forms levees for itself, so as to become higher than the vicinity • an in!rease^ 

edlrA?fi' r" *• *^' ^''""'^ *'^ '"'"^ '''^'^ '1--^<1« «ff *be terrace bank to the river 
edge. At Algodones is an Indian built village beside some low sand hills, which here 1 I 

east) the whole distance to Fort Yuma ; it is more than 30 feet high, is covered up bv drifted 
ortnl round its outline, but it presents very much the appeara'nc'e of an afciZt ier te 

At Algodones, a slight elevation of porphyry pebbles, cemented by argillaceous and 
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calcareous paste, occurs ; it forms in places a compact rock, and, lying upon the tertiary clays of 
the desert, may belong to the modern period. 

From Algodones to Fort Yuma the trail is along the river bank, (right,) which yields a dense 
growth of willow and cotton-wood. Continual inroads were being made by the river sweeping 
away the right bank, destroying the old trail ; as much as six feet of the bank has been re- 
moved during one night, (June 8.) The river waters were very turbid with (red) mud, high, 
though declining, and flowed at a rate of five to six miles an hour, ten feet below the level of 
the bank, two miles below the fort. 

It is to be regretted that the rapid transit over the desert, and the period of the year (June) 
in which it occurred, rendered it, from the insupportable heat, impossible to make a more 
detailed examination than that contained in these pages. Owing to the excessive heat the 
marches were made in the evening and night time, and the day was passed in tent to seek 
repose and avoid the temperature, which, commencing at sunrise with 85° or 90° Fah., 
would reach 100° at noon, and 117° at 3 o'clock p. m. A hasty and necessarily imperfect 
survey was all which could be made under such circumstances. The increased temperature 
of the desert may be due to two causes : one, the level and low surface of the region, 
causing reverberation of the rays of heat from the lofty hills on the west side, and from the 
occasional covering of fine,, bright sand on its surface; the other, the chief one, is the 
presence of the sand in the air, which, as so much solid matter in a heated fluid, conveys the 
warmth more readily to those surfaces which it touches. The southeast wind, which springs 
up in the afternoon, always carries with it large quantities of sand, blinding the eyes and 
scorching the skin. The highest ascertained temperature of air alone, examined under 
circumstances free from the effects of radiation or convection, has been that of IIO0.6 Fah., 
determined by Euppel at Ambokul, Abyssinia; while on the great African desert the fine 
grains of sand floating in the air form centres of radiant heat, elevating the temperature to 
122°, and even 133° Fah., in the shade, in the oasis of Mourzouk. The horizontal tabular 
masses of granite and syenite which form flat expanses of naked rock— expanses some thousand 
feet in diameter, may serve to aggravate the temperature. 

Of the injurious effect of the excessive heat and long marches, without water, upon cattle and 
sheep, there are ^undant evidences in the Colorado desert. Skulls, limbs, and whole skeletons 
of animals lie strewed about along the trail near the watering places. Most of these were on 
the way to California from Santa Fe and the plains of New Mexico and Sonora, and, overcome 
by the fatigue and drought, succumbed to nature. Their bleached bones and preserved skins 
have rendered their last remains unpalatable to the coyote and wolf, and are a valuable, though 
melancholy, testimony of the dryness of the air. 

The Colorado desert, where crossed by this trail, must be looked upon as a deep trough, 
scooped out at the western side of the continent; its boundary on the west is the only well 
defined one. There the Cordilleras rise abruptly like a wall ; to the north the line of demarca- 
tion may be drawn by the termination southwards of these isolated ranges and lone hills, 
which dot over the surface northeast of Carrizo ; these extend northward into a hill country not 
yet explored, but which can diff^er but little from the districts south and north of it ; more north 
of this hill country is the Mojave valley, a region of small ranges and isolated valleys, whose 
general character, during the greater portion of the year, is sterility ; and such is the whole 
character of the country to Salt Lake valley, the only diff^erence in climate and vegetation being 
due to the gradual ascent from 100 feet above sea level to nearly 4,000 feet. 

On the east the desert is considered to terminate at the Colorado, but for 100 miles east of 
that river the general sterile aspect still remains, except in situations where water abounds or 



Hosted by 



Google 



126 THE DESERT DURING THE QUATERNARY PERIOD. 

irrigation is practised ; this slope is a very gradual one. Southwards the desert continues into 
Sonora, and embraces the apex of the Gulf of California. The whole area embraced within 
these limits bears unmistakable evidence of having been an extensive sea bottom at a com- 
paratively recent geological epoch — an extensive gulf, whose only representative now is that of 
California. The only present evidences of volcanic force are the frequent' earthquakes, and the 
existence of the mud volcanoes south of New river. 

Into this sea rolled the Gila, the Colorado, Santa Maria, and Virgin rivers, and it is to the 
wash of these rivers^ delivering their fine matters to be drifted and deposited, that the extensive 
and numerous beds of clay (alluvium) may be attributed ; while from the western shores of the 
bay^ the Cordilleras, were derived the immensely thick deposits of rolled and stratified loose 
material, gravels and sand, which underlie the alluvium. At this time were formed the fawn- 
colored unconsolidated sandstone of the Mojave slope of the Cordilleras. The granitic con- 
glomerates at Carrizo belong to this period also, as may also be included the loose conglomerates 
of the Mojave, near Soda lake. The Cordilleras rose by successive elevations. The first 
upheave being the protrusion of the mass of granite which carried before it the gneiss and 
metamorphic rock lying above it ; these it broke up, contorted, and, in part, even included in 
its not yet fully solidified mass. Then followed the period of rest, in which were deposited the 
Miocene tertiaries of the west flanks of the sierra, no corresponding beds of which are found to 
the east. This period of rest was followed by the upheaval of the felspar, porphyry, protogine, 
and trachytic rocks. Then a second calm, in which a conglomerate, including these volcanic 
rocks with syenite, occurred. Then a third uplift, raising these conglomerates at an angle. 
The trappean rocks at San Pasquale and on the west of sierra maybe connected with this 
uplift. Previous to the last uplift were deposited the sands and gravels of the desert, with the 
loose conglomerates, and, posterior to it, when as yet the sea water had not wholly retired, the 
clay silt beds of the surface subsided. At this period, likewise, may have been formed the 
terrace extending from Fort Yuma to Pilot Knob. The elevation of the red felspar, porphyry, 
and trachytic rocks of the Mojave valley are, judging from their lithological character, coeval 
with the most western uplifts of the Coast Eanges of California, and, therefore, much later than 
the mass of the Cordilleras,, which may be looked upon as occurring at the close of the 
Miocene period. That any portion of this country was under water recently, or within 
traditional record, is unlikely. The old Spanish belief that Alta (?) California was an island, 
is but an instance of erroneous information, rather than a proof; and the tradition of the 
Cohuilla Indians, who relate the expulsion of their ancestors from ofi" the plains by the 
rising of the waters, can scarcely be credited, since such irruption should destroy all traces of 
the water, now cut so deeply in the sands and gravels ; recent falls of rain in a dry country 
cannot account for excavations made so deeply within so short a period as a few centuries, for 
tradition can go no higher. Some shadow of support has been afibrded these conjectures by the 
barometrical readings on Lieutenant Williamson's survey, which shows that Cohuilla springs 
and Salt creek are, respectively, 90 and 42 feet below sea level ; but the correctness of the inference 
derived from these readings may be doubted. The comparison of thermometers, one of which 
was at Benicia, and the other some hundred miles distant, is liable to grave errors. The 
altitude of Fort Yuma is found to be nearly 130 feet above former calculations, and a like error 
may vitiate the readings on the desert. While, then, assuming the general level of the desert 
to be unusually depressed, we are scarcely warranted in saying that extensive levels are lower 
than the surface of the sea. 
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The Colorado desert is an extended plain, unbroken by an eminence of any great he^'glit, 
(save the lone hills,) and may be considered as an ancient sea bottom^ with raised terraces here 
and there, loose sand hills, 30 feet high in some places, fine moving sand, 2 inches deep, strewed 
over a flat, clay bottom, with here and there aggregations of small drift stones, granite, porphyry, 
trachyte, and quartz, polished smooth by the sand ; acres without a bush or blade of grass, 
and, elsewhere, a scattered growth of greasewood, creosote tree, wild sage, mesquite, and 
fouquieria. It might be interesting, though hardly in place here, to enter into all the causes 
which have rendered and keep this still a desert. 

It is notorious that a desert tends to propagate itself by its shifting sands covering up good 
soil, and by the destruction of the humus or organic matter so needful for vegetation. When 
humus is absent from a soil, it becomes too much heated or too much cooled by absorption and 
radiation, and all moisture is eflPectually removed. Shade and moisture are necessary to repro- 
duce humus from vegetation, but as these do not exist on the desert, it is eternally perpetuated 
a naked sand or clay. 

An elevated mountain range to the west, a basin nearly at sea level, and an almost intertro- 
pical latitude, are the circumstances which conspire to form a desert there. The first, by its 
height, effectually drains the clouds, so that but little rain falls eastward — hardly ever more than 
two inches in the year. 

The second, by its configuration and depression, favor the concentration of the solar rays, 
making it the focus of a large area. 

The last has an influence not less than the others; in parallel 32 there are no large timber 
trees found in low situations ; it is also too warm for the growth of the ordinary grasses, so that 
shade and the protection of the ground necessary for the production of humus do not exist ; 
additional moisture is required; irrigation and the cultivation of trees, shrubs and fruits of the 
continent further south, which would bear transplantation^ would convert portions of this desert 
into a fertile country. 

OF THE CLIMATE AND WATER SUPPLY OF THE DESERT. 
The following is a tabular statement of the principal water stations between the eastern slope 
of the Sierra and Fort Yuma, with the intermediate distances and the character of the water at 
each station. Having touched at Sackett's wells, makes the distance from station to station 
somewhat different from the table given by Mr. Williamson. 



Stations. 


Total distance from 
San Diego. 


Distance interme- 
diate . 


Remarks. 


San Felipe 


79 

97 

113.5 
131.5 
127 
139.9 
141 

164.39 
185.50 
196.^8 
208.25 




Brackish and sulphurous. 
Sulphurous, saline, hard. 


Vallecitas ...«• •••••..«>■>...... 


18 

16.5 
18 
11 

10.25 
2.70 
12 
21 

11.18 
11.5 


Carrizo creek .»• • 


Sackett's well 


Saline ; muddy, with white clay. 

Dry. 

Dry, 

IVot exarniuGd. 


Biff Lagoons. .•••••••.. 


Little Lao'oons.. •••••..•••• .«,. 


Indian wells ..•••••..••..... 


Alamo Mocho , 


Sulphurous, saline, muddy, with white clay. 

Clayey. 

Colorado river. 


Cook's well , 


Alffodones ..••• •...••..•«. 


Fort Yuma. , 


Colorado river. 







The mode of obtaining water, and the amount of supply, from each of these points has been 
already alluded to. There is a melancholy neglect for the comfort and safety of men and 
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animals passing over these trails exhibited both by the State of California and the federal 
government. Where United States troops are constantly moving to and fro, and where mail 
deliveries occur fortnightly, it would appear as if something more might be done to obtain a 
larger supply of water. If two parties be approaching the same well, one strives to anticipate 
the other, knowing or fearing the -supply is not sufficient for both, and the carcases on the 
trail show how the animals suffer by the deficiency. It would require but a small sum at the 
outset, and a small annual grant, to form efficient wells, and to keep them so ; to widen and 
deepen those already in use ; to sink additional ones at Cook's well, Alamos, and Sackett's 
well; to raise an adobe structure round them ; the travel over the desert would then be safe 
and comparatively pleasant even in mid-year. Where the sinking does not req^uire to be made 
of great depth, as at Cook's and Sackett's wells, the well might be made of large diameter, so 
that the delay from the slow infiltration might be lessened; and in such case, as in western 
Asia, the approach to the well might be by stairs in the inside. 

The statement has already been made that many of these wells, as in the central and lower 
parts of the route, are fed by the Colorado infiltrating its waters through the loose sands and 
clays. On which account it appears desirable that the number of wells be increased at Alamo 
and Cook's well, and that new ones be made at Big and Little Lagoons, as there is a 
large supply to draw from, though obtained slowly. Sackett's wells, on a higher elevation, 
does not owe its water to this source, deriving it from a small under current between clay strata, 
which may be the remains of small streams rolling from the sierra, and losing themselves in 
the porous sands. This supply is, however, so sparing, the original stream so trifling and so 
uncertain in its flow, and the annual fall of rain almost nothing, that, to make deep sinkings, 
or artesian borings, on the desert, along the line of trail, would be likely to be a complete 
failure. It is true that the conglomerate and sandstone of the sierra foot dip east under the 
sands and clays, and form a trough or bottom ; but that bottom itself is porous and little re- 
tentive, and so long as the fall of rain is small, the geological conformation is a secondary 
matter in the forming artesian springs. The following abstract, taken from the meteorological 
register kept at Fort Yuma, (for which I am indebted to the kindness of Dr. Abbott, U. S. A.,) 
embracing seventeen months of the years 1854 and 1855, show the temperature and fall of rain 
during that period at the fort. 

Port Yuma.— Long. 114° 37' 29" W. ; Lat.'52o 42' 27" N. 



Months. 


Tempera- 
ture. 


Rain fall. 


Direction of wind. 


Months. 


Tempera- 
ture. 


Rainfall. 


Direction of wind. 


1854. 
January 


55.5 
59.11 
61.72 
73.55 

73.85 
84.90 
94.54 
91.33 
85.66 




N.W. 

W. and N. 

W., variable. 

N. 

S. 

W. 

E., variable. 

Easterly. 

E.,N.E.,and S.E. 


1854. 

October 

November 

December 

1855. 

January 

February 

March . . . 


77.74 
66.50 
60.62 

, 59.25 
63.7 
69.90 
73.33 

78,23 




N. 

N.N.E. and N.W. 


February 

March. 


.28 
.80 


.51 

.12 
.63 


April 


N.W. and N. 


May 






June 




N.W. 


July 


.01 

2.37 

.17 


N. and N.W. 

N.W. 

W. 

N.E. 


August 






September 


May 










4.89 
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ANNUAL FALL OF RAIN ON THE DESERT. 129 

This, the climate of Fort Yuma, for nearly one year and a half, may be taken as representing 
much of that of the desert. Certainly the latter has no greater rain fall, whatever less it may 
be from increased proximity to the lofty sierra. 

In the Army Meteorological Register, (published Washington, 1855,) page 675, a table is 
given of the mean monthly and annual fall of rain at Fort Yuma, of which the following is an 
abstract : 

1851, first 4 months 28 

1852, in summer 61 

1852, in autumn 1.80 

1853, whole year 1.78 

1854, whole year 4.50 

and the mean given of the four years of observation is 3.24 inches of rain ; but, inasmuch as 
there were only two full years of observation, and one of those the quantity of rain was 
unusual, (1854,) it would appear as if the annual estimate given in the report was much too 
high. Two inches or 2| inches would be a nearer approximation to the usual rain fall. 
Admitting, even, the large estimate, the quantity which would be soaked into the ground 
below the level of evaporation, to be drawn upon by an artesian well, is small. Further 
observations upon the subject of artesian borings may be found at the close of the report. 
Sectional views of the structure of the desert are given on plate VIII, figures 1 and 2, 

iru 
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CHAPTER XIX. 

FOKT YTIMA TO THE PIMAS VILLAGES. 

Fort yuma. — Colorado. — Ancient terrace and river bed. — Aspect of gila river near its mouth. — Occasional overflows. — 
Vegetation of river bottom. — Soil, limits, and constitution of the sonora desert. — Big horn mountains. — Geology of. — 
Native copper ore. — Remarks on. — Basalt overflow, its great extent. — Pimas jornada, geological structure of. — 
Granitic axis. — Quartz veins. — Titanium ore. — Plain at the Maricopas wells. — Water of. — Influence of subterranean 
springs upon vegetation. — Pimas villages. — Cultivated lands. — Character of the soil. — Necessity of irrigation. — 
Recapitulation. 

Fort Yuma is situated on a granitoid porphyry hill, 75 feet above low water, on the Colorado 
river, which^ running south to this point, turns abruptly westward, rounding the eminence on 
which the camp is placed, the southern base of which is denuded and partly removed by the 
force of the current that here, meeting with the Q-ila, flows in an united stream to the Grulf of 
California. 

The Colorado, north of the fort, spreads out into a wide stream, with low swampy banks, 
for some miles, when it is narrowed again by the proximity of volcanic rocks through which it 
canons. 

In its course through the lowlands below the fort it is constantly changing its banks and 
altering the course of the stream ; indeed, its present channel, and the confluence of the two 
rivers at the fort, is at such an unusual angle, that it is certain its present course is but a 
recent and a temporary one. 

The terrace which extends from Cook's well to Pilot Knob, and thence to the fort, is about 
35 feet high, and is capped by rounded drift pebbles of granitoid and amygdaloid rock^ 
cemented by a tufaceous deposit. This bank, which is remarkably uniform in its height, 
would appear to indicate the former course of the Colorado when it flowed more southwesterly 
into an open sea, (the present Colorado desert,) and when the Gila, instead of turning 
abruptly north to flow into the Colorado, took a course west and south of the granitoid mass 
on which the fort is now placed, converting it either into an island, or else leaving it on the 
east side of the two rivers. 

The waters of the Grila mingle with those of the Colorado coming from an opposite point of . 
the compass. South of the present course of the former river is a low terrace facing the south 
and touching the low erupted range opposite to that on which the fort lies. Between this and 
some blufls lower down on the Colorado is a deep alluvial bottom, in which^ it is highly 
probable, lay the ancient course of the Grila; in other words, from the appearance of the district 
it is evident that these two rivers united about one-fourth of a mile west of their present junc- 
tion at some not very remote period, and that the fort hill lay east of the two rivers and not 
west, as its situation now is. 

Plate V, fig. 5 illustrates this alteration. The porphyry of Fort Yuma may be looked upon 
as an amphibolic granite^ made up of brownish felspar, with small crystals of hornblende 
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disseminated in bundles througli the mass. Epidote is in places substituted for felspar, and 
sometimes increases in amount until the whole mass becomes of an uniform greenish tint from 
its predominance. This variety of granite is a very common rock at the base of the isolated 
hills immediately east of the fort, and lying between it and Big Horn mountains. It forms the 
base of the dome hills which lie northeast of the fort^ and cross the river higher up.' 

GEOLOaV OF THE GILA RIVER. 

This river in its course westward has formed its channel by wearing its way through the 
softer strata and more recent deposits. Like some of the large rivers of the west of this conti- 
nent, its course is across the strike of the mountain ranges, and seems to occupy the line of a 
great depression or fault lying at the southern termination of the Sierra Blanca and MogoUon 
ranges. In this respect it resembles the Humboldt and Columbia rivers further north, and 
differs from the streams of California, which, almost without exception, roll in the valleys 
corresponding with the trends of the mountain axis. 

For the last 60 miles of its course the Gila has escaped from this fault, and traverses the 
great sloping plain constituting the northeastern boundary of the desert land — the Colorado 
and Sonora desert. In its passage toward the Colorado river it crosses the line of several 
isolated hills, whose general trend is northwest and southeast. Bound and between these hills 
it winds its way, having worn itself a channel or bottom several feet below the general level, 
producing well marked terraces or mesas upon the sides of the hills upon which it impinges. 
The river bottom within ten miles of its junction varies from ^ to ^ mile in width ; and by the 
height of the drift shows that the overflow is occasionally 12 feet in depth. The growth is 
obione, willow, and acacia, and upon the terraces an occasional cereus, which commences to 
appear about 14 miles east of the fort. The soil of the bottom land the first 12 miles up the 
Gila is brownish clay, mixed with pebbles of quartz, felspar and jaspery silicious rock. The 
impalpable soil is calcareous, effervescing very strongly. Below this alluvium, which in many 
places is not more than three feet deep, is a bed of sand, blackened by a layer of mica crystals; 
which are deposited in horizontal strata. 

Dome hills, the first series of hills east of Camp Tuma met with ascending the Gila, are of 
a blackish and red brown color, and rugged outline, destitute of vegetation, and composed of 
jaspery metamorphic quartz, having very little trace of sedimentary origin, cut up by veins of 
translucent quartz and dolerite, and passing gradually into amygdaloid, with imbedded glassy 
quartz crystals, a felspathic trachytic rock. 

The strike of this range is north 65° west, and can be traced by the eye fifty miles (or 
further) to the north, where it reaches the Colorado, and crossing that river forms the turretted 
hills on the Colorado desert. The summits scarcely attain a thousand feet of elevation. At 
the base, forming the terrace over which the trail runs, is granitic rock, very friable, contain- 
ing small hexagonal mica and albite. Between these porphyritic hills, which lie 14 miles 
east of Fort Yuma, and the next series of hills, (Big Horn or Goat mountains,) a distance of 
45 miles, lies an extended level plain, slightly sloping to the southwest, unbroken in its level, 
except by the river, where it has worn its way through it ; this is the northern limit of the 
Sonora desert. The material of the surface is granitic or felspatic, modified by the addi- 
tion of a few minerals, derived from the occasional elevations or low hills which rise abruptly 
out of the plain to the height of 300 or 500 feet, composed of quartz, conglomerate and mica- 
ceous sandstone of a dark red or brown color, and without any traces of lamination or deposit, 
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132 GILA EIVER PROSOPIS GUM. 

intersected by veins of jasper and layers (strata) of silicious jaspery rock. The base of these hills, 
and the plain close to the base, is covered with jaspery pebbles, but they disappear rapidly on 
leaving the hill.* 

At this locality, the first camp on the Gila, there were found growing some trees, which, at 
first, were taken for the ordinary mesquite tree. By accident, looking closely at one, the older 
branches and upper part of the stem was found incrusted over with tears of gum, of which 
there was such an abundance that in fifteen minutes one pound was collected by one hand ; the 
gum was not found adherent to the young shoots but below, where several branchlets had been 
given off and were cemented longitudinally in fissures, which the growth of the tree had formed 
in the bark ; some of the tears were moist and teaacious, bat the majority was brittle and hard, 
and easy of removal ; as the tree is beset with spines from half inch to one inch long growing 
on the old as well as the new branches, and, as the tree droops over like a willow, it was a diffi- 
cult matter to approach sufficiently near to pick the gum off"; thus only a small portion of the 
whole was removed— there could not have been less than seven or eight pounds upon the whole 
tree, which was about fifteen feet high, dividing at five feet from the ground into numerous 
drooping branches, altogether a very ungraceful '^ mesquite.'' The gum thus collected had all 
the appearance and character of gum arabic, insipid, soluble in water and weak alcohol, but not 
soluble in strong alcohol, and yielding to chemical tests the same reaction as the gum of the 
acacia. Portions of the tears collected were brownish, like gum Senegal, but the larger por- 
tions were colorless, and by care in picking a very pure gum could be selected. Four of these 
gum trees were observed here, and from the purity and value of the gum, it is to be hoped that, 
at no distant period, these trees may be cultivated along the margins of the Gila bottom, and 
that gum gila may become one of the staple commodities of the district. 

Eighteen miles east of the first camp lie a series of isolated ridges, trending northwest and 
southeast, the most northerly approaching the river, and being about three miles long ; it is 
made up of quartzose conglomerate, dipping southwest 8°. Angular fragments and detritus 
of this rock were found scattered near the base and in the vicinity of the range, but none carried 
to any distance. The hill itself was covered with small rounded masses of jasper and trachyte, 
neither of which were observed in place here. 

Big Horn, or Goat mountains are a series of parallel ranges running nearly northwest and 
southeast, and overlapping each other ; the trail turns round the northern edge of the range, 
which presents there a crescentic outline, with high mesa land sloping down to the river ; over 
this mesa the trail leads and exposes a surface of granitic syenite, with here and there a felspar 
porphyritic rock, (leucite.) 

Upon this granitoid basis reposes thick beds of jasper and silicious rock, the latter a con- 
glomerate of white quartz pebble, w^hich, furthier up, becomes distinctly stratified, and con- 
stitutes the mass of the mountain above 1,000 feet high. 

The dip being 60° or 80° southwest, and the thickness of the conglomerate beds two hundred 
feet, the lin^ of junction of these conglomerates, with the underlying (metamorphic) silicious 
rock, is well marked on the eastern side of the mountain. 

Sixteen miles east of these hills the western limit of the basaltic region is met. This region 
extends north and south, in a well marked and almost unbroken line, with its escarpment 
westward. The basalt mesa is raised sixty to eighty feet above the river bottom. The upper- 

^ A portion of the soil of the desert a mile away from the bottom margins, where no overflow reaches, was selected 
and preserved for analysis, the result of which is communicated in the chapter on Chemical Analysis. 
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most layer is a mass of blackish, basaltic rock, ten feet thick, and almost horizontal ; lower 
down it merges into a dark green augitic amygdaloidal rock, the cavities being filled with 
white earthy matter which drops out on weathering of the rock, the latter appearing to be a 
vesicular lava. 

Standing on the granitic mesa at the foot of these mountains,- and looking backwards over 
the trail travelled, the character of the country becomes apparent ; it is an immense extended 
plain as far as the eye can reach, (about sixty miles,) sloping slightly to the southwest, and 
equally level north for thirty-five miles^ the horizontally only disturbed by the isolated hills 
or ranges described, whose general direction is north 60° west. The soil of the plain is uni- 
form, a felspathic or granitic sand, with occasional drifts of fine quartz sand, easily impressed by 
the hoof of the beast, and brilliant, so as to pain the eye in midday by the reflection of the sun- 
light. There is not a particle of humus or mould in the soil, nor is there any opportunity 
for its production ; as there is no running river or stagnant water on this mesa land, none but 
the most desert or thorny plants can sustain themselves in such situations ; no tree or herba- 
ceous shrub is found after leaving the valley bottom ; and from this point to the Gulf of Cali- 
fornia, on the elevated land, it is a continuous desert, whose character is aggravated the nearer 
the level approaches that of the gulf. 

Between Big Horn mountains and the basalt mesa the bed of the Gila spreads out into a flat, 
which in places is swampy and overgrown with willow, but generally has a fertile alluvial clay 
soil, slightly calcareous, producing abundance of grass ; it av^erages three to four miles wide, 
bounded by a small terrace thirty feet high^ composed of fine sand and clay, and^covered over 
with jasper pebbles. 

The alluvial soil contains numerous angular quartz fragments. 

About five miles north of camp, (June 22,) at the base of Big Horn mountains, are two small 
hills, one flat-topped and more easterly conical; on the western edge of the latter, or in the 
trough between the two hills, which are not more than 600 feet high, is a vein of native copper, 
which is found distributed a mile distance from the hill along the bed of a rivulet. The party 
who brought in the specimens "(on foot) described the ore as found very abundantly. Accom- 
panied by a single private soldier as escort, I crossed the river to examine the locality of this 
native copper, samples of which had been brought into camp the day previous by that individual. 
After a delay of some hours in finding a fordable spot in the river, (as it abounds in quicksands 
here, and forms a series of islands,) and in endeavoring to force a passage through the brush- 
wood lining the bank, we at length arrived at the place near where the copper had been picked 
up. It was in an arroyo (dry bed of a small stream) which descended from the most westerly 
of the two hills, and small specimens of the ore were found in the creek bed, accompanied with 
metamorphic sandstone and basalt. The ore was no doubt in the hill higher up ; but as the 
camp had moved on, and we were some hours behind, it was not deemed safe to remain any 
longer in the locality, and we retraced our steps to meet the trail. 

These small hills belong to the Big Horn range, and there is little doubt that those also con- 
tain this metal at points where trappean intrusions occur. They are described by travellers as 
yielding it fifty miles further south along the range. It is a very rich ore of copper, yielding 
above 80 per cent, of pure metal ; the seam is narrow, not more than two inches wide. There 
is much facility for obtaining and transporting the ore at this point. The hills lie within a 
couple of miles of the river, whence by rafts or flat-boats the ore could be carried to Fort Yuma, 
and thence by steamer to the Gulf of California. The smelting of this ore by a blast furnace 
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would not be a very expensive operation, but it is doubtful if there be sufficient wood at tbe 
locality for that purpose. A copy of the analyses of the ore is given in the chemical chapter. 

Twenty-one miles east of Goat mountains the Gila emerges from a narrow valley bottom cut 
deeply; through the elevated mesa land, which rises abruptly 10 to 80 feet above the level of the 
bottom land. This is the western limit of the immense overflow of basaltic lava alluded to, 
which spreads over the whole country at this point from north to south. The trail which travels 
on the river bottom for a few miles ascends the mesa by a new route, the former having been 
washed away by the encroachments of the river altering its bed. The western edge of this lava 
overflow is abrupt, difficult to climb, and well defined, the large fragments not being trans- 
ported to any distance ; it is not regular, but deeply cut in, forming semi-lunar margins with 
cuts entering some hundred yards. In these gaps the trail ascends, it being the only ready 
mode of reaching the summit. 

This lava mesa rises by a very gentle slope to the east and north, and appears to preserve a 
horizontal line from north to south. Through a canon or break the Gila flows westerly, and 
has in many cases worn a recent way for itself through this basaltic region ; but as the valley 
of the river is very wide in some places it is difficult to imagine that the river could have 
formed this course for itself by wearing its passage silently for ages through this overflow ; it 
would rather appear as if there was a valley or gap in the flow, produced by some other cause, 
which the river now occupies. 

The hills north of camp (June 22) have flat basalt-capped summits, and appear to have a more 
easterly trend than the ranges further west. The outlines of the jasper and sedimentary quartz 
rocks are discernible, dipping S.W. The upper surface of the mesa is smooth, without any 
drift or travelled materials, and covered over by a light dust of its degradation. The river 
along this canon continually changes its bed, and terraces exist on each side of the stream, 
showing at least two different points of elevation. The overflow of the river in time of freshets, 
as shown by drift, is 14 feet, and lagoons are produced by the retiring waters. 

The basalt is a dark blue fine-grained augitic rock, which does not readily decay ; hence 
there is so little detritus found travelling over its surface. Yet, though not disintegrating, 
large masses are broken ofi'and rolled down, accumulating at the bass, although there are not 
any drift or travelled fragments met with at a distance from the overflow. The fall of these 
large masses appears to be due to the action of the river, which, changing its bed, carries its 
waters close to the base, and undermines it by removing the soft yellow sand rock which under- 
lies the basalt. Perhaps it is by this action alone that the Gila has found its way through the 
overflow, and formed a channel for itself in some places over two miles wide ; for there can be 
little doubt that the lava north of the river, and that south, were originally connected^ and, from 
the horizontality of the surface, it is evident it has undergone no action of local upheaval since 
its outpouring. Mechanical action has, therefore, been the means by which so deep and wide a 
chasm has been made in it, and there is no source so obvious as the action of moving water, 
although the Gila does not appear a stream sufficiently powerful to produce such effects. Look- 
ing south and east over the basalt mesa two conical hills, about 15 miles distant^ have the 
appearance of being extinct volcanoes, the summits being crater-shaped. From these it is possible 
this lava may have flowed when the whole was as yet below the surface of the waters.* 

The underlying sandstone did not yield any fossils on examining it, and was in places 
rendered quartzose and metamorphic ; it is probably the extension of the conglomerates found 

•"' This basalt also contains small plates of salvadorite scattered throughout, and has small vesicular cavities filled with 
drnsic chalcedony. 
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on Big Horn mountains and further west^ wliich. are themselves most probably tertiary. On 
the north side of the Gila the basalt flow does not approach the river, but in many places is 
as far removed as seven or eight miles, the intervening space being occupied by a low, sandy 
mesa, not more than twenty feet higher than the river bottom. On the lowest portions of this 
mesa mesquite grows well^, and in the river bottom a luxuriant growth of grass and willow ; on 
account of the width of the river valley at this point, and its being well supplied with water, 
there is no doubt that, by irrigation, cotton, maize, yams, and all the growth of the southern 
States, (rice excepted,) might be raised here. 

Hills of quartz conglomerate, capped with basalt and trachyte rocks, form the horizon on the 
north or right bank of the river, having a trend north toward the Colorado ; these are also 
repeated south toward the eastern limit of the basaltic mesa, forming hills 700 to 900 feet 
high ; near the east limit of this overflow is a small hill 700 feet high through a canon in which 
the trail runs^ and to avoid which the river makes a bend to the north. 

Trachyte and porphyritic (red felspar paste) rock formed the axis of the upheave, and on the 
eastern side an outflow of basalt forming an elevated table or mesa land, extending from five to 
seven miles in an easterly direction ; but as the river lay to the north, the trail left the mesa, 
and descended to the river bottom. In ascending this hill on the west side, the slope was easy 
and lay over thick beds of drift gravel and felspathic sand lying unconformable ; the axes of 
the hills were composed of reddish felspar dykes and intrusion of white porphyritic trachyte 
rock ; these are flanked by quartz conglomerate rock, stratified and metamorphic, the former 
dipping 20° southwest. 

On passing through the canon and reaching the east slope, the drift gravel no longer appears, 
the trail passing over the basaltic floor again, which constitutes the mesa ; if the basalt covering 
existed on the west side of the range, it must have been covered up by the deep layer of loose 
conglomerate gravel. Underneath the lava is a cream and salmon colored sandstone grit. 

In the river bottoms, angular fragments of lava, (basalt,) with felspar porphyry veins, chal- 
cedony, amygdaloidal lava, and reddish amygdaloidal felspar, semi-transparent quartz and 
epidote. On the 23d of June the basalt mesa was ascended, and on the afternoon of the 25th 
had cleared its eastern limit ; during this time the trail made many descents to the river bed 
for water and to avoid the detour which the deep gashes in the flow would have rendered 
necessary. It is upon this mesa that the hieroglyphical inscriptions occur, delineated by Major 
Emory, (notes of Mil. Eecon'ce, p. 89 ;) they also were found on the edges of the basalt plain, 
where the trail descends to the river bed. The total width of the basalt overflow is above 
thirty-six miles from west to east, and its extension north and south is much greater. Since 
its outpouring it appears to have undergone but little alteration of position ; and the only chemi- 
cal change is that of the weather loosening the amorphous zeolites from their small cavities 
and washing them away, leaving the surface of the rock cellular, giving it the appearance of a 
vesicular rock ; but it is distinctly amygdaloid and contains no air cavities. 

At the base of the trachyte hill, forming the east edge of the basalt mesa, the river again 
spreads out into a wide bottom with lagoons, and covered with willow and mesquite, and supply- 
ing tolerable grass; on the upland, on each side, there is no vegetation, save that of desert 
character, larrea and sage ; the pitahaya (cereus giganteus) is abundant and increases in size and 
beauty the further west the road is travelled. East of these lagoons the trail leaves the river 
which passes north to turn a large mass of mountain, the road running east, a little south over 
the Jornada to the Pimas plains ; this distance, forty miles, without water, is across a range 
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of hills, whicb, coming in from the northwest, form elevated ridges, round which the Gila turns 
after having received the Salinas waters. These ranges are parallel, and having sloping plains 
to the west. They are granitoid in structure, of a blackish color externally ; but the fresh 
surface displaying white and pink felspar, intermingled with clear crystals of transparent quartz, 
adularia occurs in veins and crystals. The veins of reddish felspar run northeast and north- 
west, intersecting each other. Qaartz veins run north 30° east at the most elevated summit of 
the trail ; in the pass epidote occurs in seams, and a black syenitic granite, which easily rusts and 
decomposes. The rocks at this point are mostly felspathic, with but little quartz or mica ; 
occasionally masses of fine-grained granite occur without any granular structure; thick beds of 
gray felspar rock with rhombic cleavage. Cubes and prisms of titanium ore occur in the quartz 
veins which cut through the felspathic granite, constituting the mass of the mountain. As a 
whole, it may be looked on as a series of granite hills running parallel at eight to twelve miles 
apart. The ascent from the west for fifteen miles being very easy, when the summit is 
gained, a canon passing through the range and opening into a flat plain often miles wide; this 
summit plain is elevated, the trail leading direct east through another canon (in a second range 
of hills) and then easily descending some sixteen miles to an alluvial plain at the base of the 
mountain. The whole of this travel, forty miles, is over a loose, stony conglomerate and felspar 
sand, without water, and is known as the Jornada of the Pimas plains. The mesquite, larrea, 
green acacia, and the fouquieria, with the cereus giganfceus, (pitahaya,) are the chief growth. The 
cereus constitutes the only tree found 100 feet above the plain, upon which it never comes down ; on 
the east slope, several echino-cactus and mammillaria were seen. The mass of this range is a 
felspar granite rock, in places passing into protogine; the first range crossed contained albite in 
the granite, with large crystals of quartz, seams of epidote, and, in the canon, a blackish 
granite verging into a basalt in appearance, close-grained and black on the outside. Gneissose 
rock, dipping 25° west, lay on the left side of the canon ascending it ; no metamorphic rocks 
were observed on the east side of the range, which has received the name of Sierra Estrella or 
Star mountains. 

In passing through the second canon, the more eastern range was observed to be made up 
of a reddish granite, blackened on the weathered surfaces, containing large crystals of felspar, 
(orthose,) adularia in veins and crystals, and cut up by threads and seams of quartz, as obaerved 
in the western range. A third range, lying eastward of the trail and between it and the river, 
has a similar constitution, and it was in this latter that the specimens of titanium ore were 
collected. The summits of these ranges cannot be less than 2,000 feet above the plain ; they 
can be approached quite closely, owing to the level slope of the plain at the base, and have not 
the rolling foot hills which mountains usually possess. Taken as a whole, this Jornada is a 
double inclined plain, sloping east and west, away from a central line— the line being this series 
of hills running N. W., rising abruptly out of the sloping plain; this character is very 
common to the topography of this region, the hills not possessing any valleys proper to them, 
but appear to rise out suddenly from the strata (gravel and conglomerate unsolidified) which 
repose uncomformably round the base, and contain fine quartz and felspathic detritus, with 
occasional debris of basalt and porphyry ; fine granitic sand is found in the dry beds of the 
arroyos ; several of these granitic ranges lie parallel— each single crested and presenting no 
trace of sedimentary rock on their sides. The ascending slope (western) is 15 miles long, and 
the eastern or descending slope 24 miles. 

A section of Sierra Estrella is given on plate IX, figure 3. 
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MARICOPAS AND PIMAS PLAINS. 137 

Fig. 3 also represents the disposition of the Jornada viewed in section. 

Descending the eastern slope of these hills the plains of the Maricopas wells are reached. 
These are flats on each side of the Gila, above its junction with the Salinas river. The river 
flows through these plains, which are broad and well supplied with coarse grass. At the point 
termed the Maricopas wells, which are several holes dug 7 feet down, and in which the water 
rises within 2| feet to the surface, the soil is clayey and retentive, each well being a small 
body of water resting on yellow clay ; when the well is emptied it fills in very slowly, the water 
at this season being slightly saline. The influence of this body of subterranean water is 
marked by the difference of vegetation, which, as soon as the hill slope commences, ceases to 
bear grass, rushes, canchalagua, and mesquite, and in their stead appear the fouquieria, 
prickly pear, and pitahaya. The valley of the Gila river is here very wide and the bottom a 
fine sandy (granitic) clay, very light in color, and only fertile where watered by sequias of 
the Pimas, when it produces abundantly. 

On each side of the river the Pimas cultivate the low land, where the sand and fine clay 
has a darker tint, from the presence of a small quantity of humus ; it is, however, a mere trace, 
and at the Maricopas wells is not more than half an inch thick, as shown by digging the fresh 
soil near the springs. Portions of the soil of the cultivated land of the Pimas, and of the soil 
upon the mesa, above the line of grass at the Maricopas wells, were collected and submitted to 
chemical analysis ; the results are given in the chapter devoted to that purpose. There does 
not appear to be any difference between the mineral character of the two soils ; the texture 
differs, that of the cultivated land being alluvial, and more quartzose. 

The cultivated ground of the Pimas is fenced around, each field being small, scarcely 150 feet 
each way ; a sequia runs around half a dozen fields, giving off branches to each, Oorn, cotton, 
pumpkins, melons, and squash, were the chief articles of cultivation. A small portion only of 
the valley is under cultivation, being that along the river bank; but it is susceptible of 
being made productive much further away from the stream. It is on irrigation only that a 
secure crop can be depended on, and as the Gila has much less volume here than below, where 
it receives the Salinas, occasionally the river bed is completely drained by the sequias. More 
care and economy in the use of water would be necessary under a greater breadth of cultivation. 
The immediate river bottom is here between six and eight miles across ; the mesa land is not 
more than seven feet above this level, and slopes back, in every direction, very gradually to the 
mountains, which are at six, eight, and twelve miles distance. The altitude of the Pimas lands 
near their villages is a little above 1,100 feet above sea level, which, combined with the prox- 
imity of long mountain masses, caused the deposition of dew at night, the first which had 
been experienced since leaving Vallecitas ; it was quite copious when passing the Jornada to 
reach these plains. 

Leaving the villages to the west, after a few miles travel, low spurs of a range coming in 
from the southeast are met with. These consist of protogine and talcose slate ; on the north side 
of one small hill, near the trail, fine-grained gneiss was observed, dipping 35° west ; still further 
east the trail strikes the river twelve miles east of the villages. On the mesa the soil is a felspar 
and granite debris ; near the river it is a fine sandy clay, similar to that of the Pimas lands. 

On the river, at this camp, (July 3,) the trails diverge ; the well-beaten ones are turning away 
southeastward, over the elevated table land, which stretches out without any apparent limit 
into Sonora, toward Tucson ; the uniform level being here and there only disturbed by an occa- 
sional low hill of felspathic granite or protogine. Along these trails the wagons and main party 
18 U 
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138 DIVISION OF TRAILS — RIVEE COURSE. 

proceeded ; a small exploring party continued the trail along the river bank, so as to examine 
the canons of the Gila and the San Pedro river. The geology of this latter route alone is 
described. 

Along the river above, where the trails diverge, low granitoid ranges approach the river and 
narrow its bottom. These ranges occur on both banks of the stream, which, in some places, is 
not more than 30 feet wide and 2^ deep, having its banks thickly planted with cotton-wood, 
willows, cane, and mesquite. The river water is clear and good, and the bottom a micaceous 
granitic detritus. 

Plate IX, fig. 1, displays a geological section from Big Horn mountains to the basalt mesa. 
Plate X, fig. 1, illustrates the geology from the Pimas villages to the Gila river; fig. 2, the 
structure of the hill at camp July 6, referred to on the next page ; and fig. 3, a section along 
the river to illustrate its notice in the next chapter, where it is described on page 140. 
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CHAPTER XX. 

CaSoNS of the GILA KIVEB AND PINALENO MOUNTAINS. 

Basalt overflow. — East or the pimas villages. — Physical appearance and topography of the canons. — Trend of the 

HILL RANGES. — SADDLE MOUNTAINS. BrBADTH OF THE PRIMARY ROOK. — ELEVATION OF THE SEDIMENTARY BEDS, EASTWARD. 

Subsequent alterations of level.— Plutonic forces.— Aggregate of igneous rocks.— Spire hills, their structure. 

Basalt dykes.— Metamorphic sandstone. — Its lithological character and geological age. — San pedro river. Its 

course. — Fertile valley, gypseous beds of.— Denudation, thickness, position, variety and probable age of.— Con- 
glomerate OF the upper part of the valley. — Thickness and position.— Auriferous gravel. 

Thirty-two miles east of the Pimas villages, along the river course, a region of basaltic 
overflow is again met with. The soil of the bed of the river is light, sandy and granitic, and 
the pebbles, volcanic greenstone — basalt, jasper, greenish and reddish porphyry, with brown 
fine conglomerate. The river is terraced on each bank, composed of fine gravel drift overlying 
basalt, which appears to flow in a sloping mesa or plain from the north, where a pyramid 
shaped hill appears to present, the outline of an ancient crater. Three miles further up the 
river the country becomes greatly disturbed, and the elevated crests, which run north and 
south, crossing the river, narrow its bed, and form what is known as the canons of the Gila. 

This is the commencement of a region very much disturbed in its geological relations and 
presenting a great deal of confusion in the appearance and stratification. 

At the entrance of the canon, and ascending an elevated point over the river, (camp July 6,) 
the topography of the vicinity appears simple. So many as six ranges of hills can be seen, 
coming from the north and running southward, (8. 40° E.) These hills, generally speaking, 
increase in altitude to the eastward, the last of which in view has the well known form of the 
Saddle mountains in its range. Through this last range, and north of Saddle mountains, the 
Grila canons, and in its downward course it cuts its way across those smaller ranges to the west, 
until finally it emerges on the open plain leading to the Pimas lands. 

This belt of mountain country, travelled in this route, is 34 miles from the entrance of the 
canon to the mouth of the San (Jose) Pedro river. This breadth of country is wholly occupied 
by igneous and erupted rock. The western or lowest hills are of plutonic and primary rock, 
while the more eastern are sedimentary and capped with basalt and amygdaloidal trachyte. 
Upon many of these flat capped summits trees and vegetation grow, and they appear to have 
been at one time the level surface of the country. Several hundred feet below these is at present 
the river bed ; and its size and volume appear totally incapable of having produced such results 
of denudation and removal as must have occurred. Two forces have been at work : 1st. The 
primary upheaval of the granitic basis, carrying the sedimentary beds with it ; and, 2d. The 
plutonic force, as evidenced by the amygdaloid and basaltic lavas. These are best displayed at 
the western end of the canon, where the river leaves the mountain region. At the very point 
where it finally escapes the river bed exposes a section of an anticlinal axis with plutonic 
intrusions, and the small valley around has much the appearance of a centre of plutonic action, 
judging frona the high dip of the strata and the semicircular form of the igneous rocks around. 
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140 YOLCANIC EOCKS — CANONS OF THE GILA. 

Plate Xj fig. 4, displays the geological character at the place where the river leaves the moun- 
tains ; the stream taking the advantage of the chasm between the plutonic axis and the 
elevated strata on its southern side. The upheaving mass on the north side of the river is 
variously composed — thus, commencing at the water's edge and ascending the right bank of the 
river : 

Ist. Hornblende porphyry, (felspar and hornblende, in crystals.) 

2d. Basalt. 

3d. Hornblende porphyry ; crystals of hornblende, large. 

4th. Amygdaloidal trachyte ; a brownish felspar rock. 

5th. Felspar in dykes, walled by 

6th. Trachyte. 

The basaltic dyke has a thickness varying from 15 to 20 feet, and rapidly merging into the 
hornblende porphyry on either side. The felspar dyke has a greater breadth and does not 
merge into the trachytic amygdaloid, with which it is in contact. 

This intrusive mass of varied plutonic character is itself a foreign body, thrust through the 
granitic basis which here and there (though not appearing in the immediate locality) shows 
itself. In its elevation it has carried up with it two beds of stratified sandstone and a capping 
of basalt and purplish trachytic amygdaloidal felspar. The latter is a layer about six feet in 
thickness, and underlies the basalt, which is about 15 feet thick. The great mass of stratified 
rock is a yellow sandstone conglomerate, which dips away from the central mass at an angle 
of 15^, and generally toward the east ; but at this point there is no uniform dip over any 
extent of ground. South of this point a few hundred yards is a canon in the bed of a creek, 
emptying itself lower down into the Gila, where the sandstone is better displayed and slopes 
gently, with a dip 12° east ; it is here yellow conglomerate, about 60 feet thick ; the pebbles 
being granitic and volcanic. It was up this creek the trail led to reach the Gila, as it is 
scarcely safe to travel through the caiion along the immediate bank. Cotton-wood and good 
grass were on the narrow river bottom at the entrance of the canon. 

The following is the list of plutonic and igneous rocks met with at the caiion and a few miles 
up the river on each bank. Plate XI, fig. 1, shows the structure of the canons. 

A. Felspar rock with quartz crystal disseminated, resembling '^ eurite.'' 

B. Felspathic granitoid rock_, with epidote. 

0. Felspathic rock, lamellar, (in dykes mostly.) 

D. Syenite. 

E. Amygdaloidal trachyte, felspathic rock with glassy crystals. 

F. Basalt, compact and amygdaloidal. 

All these varieties may be found congregated within the space of a few miles. Plate X, fig. 3, 
represents an exposure afforded by the river in travelling up, on July 6th ; the section embraces 
ten miles. 

A few ranges in the lower part of the caiion, though of an elevation from 500 to 800 or even 
1,000 feet, are yet comparatively narrow in their base or in cross section, and appear to be made 
up wholly or in great part of variety C. Such are the ^' Spire'' hills, which present an appear- 
ance alike fantastic and grand ; from the warm tone of the flesh-colored felspar, the absence of 
vegetation, its extreme roughness in ascent from the huge masses of rock on its side and base, 
and the pointed pinnacles and turrets which its outline, sharply defined on a clear sky, presents, 
the observer is forcibly struck with the singularity of the landscape. 
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GEOLOGY OF THE PINALENO SYSTEM, 141 

Plate XI, fig. 2, exhibits an outline of one of these ranges, from north to south, and fig. 3 gives 
a section in which the felspar dyke rises through the mass and forms the crowning pinnacles 
and spires. 

The western or granitic portion of this elevated country unites on the left or south bank of 
the Gila to form a lofty granite range, the Sierra Catarina, which preserves its southeast trend, 
crossing the San Pedro about 65 miles above its mouth and blending in at that point with the 
foot hills of the Sierra Oalitro, the chain which lies on the east bank of the San Pedro. Another 
range lies east of this latter, and is connected with it, where the Gila river breaks through the 
range, but separates, as it passes south, to form the Pinaleno hills, which contain mountains 
Turnbull and Graham. This is the loftiest of the parallel chains, and is continued further south, 
where it is met with as the Chiricahui mountains, and as far as Guadalupe. It is, however, 
but one of three ranges — having the same strike, the same structure, and upraised by the same 
cause, and the whole may therefore be classed together as one mountain system. 

The Pinaleno system, — The Sierra Catarina comprises the primary and volcanic rock of this 
system, which, united into one mountain mass south of the Gila, is on the north side of the 
river spread out into several ranges of granitic and felspar porphyry rocks, preserving an uni- 
form northwest trend. Trachyte, red porphyry, and basalt, are the intruding rocks in the granitic 
hills ; the trachyte in many places being spread out like a bedded rock over the sandstone, 
which it has rendered metamorphic. 

While, as has been stated, the trend of these hills is northwest and southeast, it would appear 
as if the force was more energetically exerted several miles north of the river, or at least exerted 
more in parallel lines than over the whole surface ; that it diminished south and eastward, and 
that the course of this river was near the southern termination of the wave force which ruptured 
the crust and extended the felspar and lava rocks. The chains which come from the north have 
their northern extremity elevated several hundred feet above the southern end ; and while the 
mountains in their passage south drop down, the table land rises until 90 miles south, about 
latitude 32°, the elevated mesas of Sonora and Chihuahua are reached, and the mountain 
ranges of the north appear to exist only as isolated hills rising out of the general plain. 

The ranges to the east of the San Pedro are less contorted, and the stratification less inclined ; 
the hills being loftier, allow also better examination of the strata underlying the basalt. Figure 
4, plate XI, shows the disposition of the strata at camp July 7. 

The sandstone which is exposed on the western faces of these hills being capped by basalt and 
red amygdaloidal porphyry, has here about 500 feet in thickness uncovered. The total height of 
the range on the right bank may be 2^000 feet ; dip of the sandstone 25° south, 75° east. At its 
base is the river bed of alluvial sands and clays, and through which the Gila has cut thirty 
feet. A low mesa, or terrace, is on each of the rivers, formed of gravel, the decay of the sand- 
stone rock, intermingled with the wash from the primary rocks on the left bank of the stream. 
Of these gravel and river stones, three out of four are porphyritic ; the rest granitic and feld- 
spathic. Only two varieties found in the stream are not local : one a deep red (stilbite) porphy- 
ritic rock, with minute crystals of hexagonal green mica interspersed, and the others are encri- 
nital limestone, grayish in color, and almost metamorphic. These were carried down by some 
of the northern tributaries, and are, perhaps, derived from outliers of the Mogollon system. 

On the south (left) bank of the river the sandstone again appears, dipping in the same 
direction ; but at a higher angle, 28° to 30° — it reposes on a mass of erupted lamellar feldspar, 
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142 DEVONIAN GROUP — SAN PEDRO VALLEY. 

which forms an angular, sharp crested hill, of small elevation. Further south and west of this 
raised bosses of granite protrude. The sandstone on this side of the river is a coarse con- 
glomerate of granite and feldspar porphyry, with reddish porphyritic pebbles interspersed. On 
the north side the sandstone is made up of quartz and feldspar, in fine particles, including 
syenite and greenstone and basaltic pebbles. If this bed extends under th.e river, and is one 
with its congener, the thickness of the strata would then be over 2,000 feet. 

No trace of fossils could be found in the sandstone strata. This rock corresponds lithologically 
to the old red sandstone or Devonian system. It is here found underlying the carboniferous 
limestone situated further east, on the Sierra Calitro, and is the furthest point to the west to 
which it has been traced along this line. The conglomerates found on the desert have not the 
reddish tint, nor the coherence of this rock, and are similar to that flanking the east side of the 
Cordilleras. 

In the valley between the Sierra Oatarina and the Sierra Calitro the San Pedro river flows 
and empties into the Gila. From that point the Gila turns northeast, while the course of the 
San (Jose) Pedro is south, 20° east, and runs at the base of a range parallel and almost con- 
tinuous with that in which Saddle mountain lies. These are the Sierra Calitro. The river 
rolls on the west side of the chain and receives several small creeks flowing out from it. - The 
valley of the river becomes wider for several miles up, forming a splendid bottom of fine grass 
and wild vine, the bottom being in many places a perfect thicket with jungle and bush. 

From the mouth of the San Pedro, for seventy miles up its stream, the bottom is cut 
out from nearly horizontal strata of gypseous rocks. The mesa and low land which rises 
gradually up to the base of the Calitro hills are altogether of this formation. Of a loose texture, 
they are easily eroded by the freshets from these mountains, and not only are deep channels 
worn for the passage of Arivaypa creek and other small streams, but even the whole mesa is 
cut through; so that what at first sight appears a smooth ascent along a sloping mesa, is found 
to be a series of hills and valleys, with dry arroyo beds, whose sections show the denudation 
which has occurred. The Calitro hills lie about eight to ten miles east of the river. The west 
bank of the San Pedro is bounded by foot hills of the Santa Catarina range ; these are of 
lamellar felspathic rock of the same character as the Spire hills. They approach the river 
closely, and generally the river keeps on the west side of the valley. 

There is a slight dip to the east in these gypseous beds, which are of great depth ; in some of 
the valleys as much as 240 feet of yellow sand rock is exposed, (half a mile east of river, July 9.) 
It contains broad veins and seams of gypsum^ massive and amorphous anhydrite in seams two 
to four inches thick, and repeated five times in a thickness of 30 feet, with muriacite, and also 
seams four to six inches wide of selenite. At the base of the Calitro range it is overlaid by a 
rough conglomerate of jasper, porphyry, and granitic pebble, from 80 to 100 feet thick. This 
bed also dips eastward toward an elevated crest of felspathic granitoid rock, which forms the 
outlier of the Calitro range ; reposing conformably on the east of this crest, and apparently 
upraised by it, are thick beds of hard yellow sandstone, (grit,) of which the lower strata, in 
proximity to the granitoid rock, are metamorphic/ and contain quartz crystal in abundance. 
These strata might be 500 feet high. Still east of this, in a deep valley in these hills, a bed of 
red granitoid rock (red felspar porphyry) occupies the bottom of the valley, and underlies the 
thick beds of red sandstone which form the elevated hills of the range, that are cut through 
by seams of porphyry, and capped by basalt and amygdaloidal trachytic rock. The gypseous 
beds are cut off* from any contact with these elevated hills by the felspathic crest, which consti- 
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CRETACEOUS AND GYPSEOUS BEDS OF SAN PEDRO VALLEY. 143 

tutes their base, and is limited in surface extent by that ridge upon the east. On the west it 
reposes unconformably upon the granitic elevation of the Santa Gatarina hills, but is separated 
from immediate contact by the bed of sandstone conglomerate, represented in figure 5, plate XI, 
where the sandstone is marked c. 

The gypsiferous series met with in passing up the San Pedro are' of great thickness ; of these, 
the lower beds are encountered three miles above the mouth of the river, the upper beds sixty 
miles up stream. The same series are met with by leaving the river bottom and ascending the 
mesa towards the Arivaypa hills. They are as follows, commencing from above : 

Thickness. 

A. White marly rock, soft and friable, wearing into holes 80 feet. 

B. Greenish, aluminous rock, hard and slaty ; anhydrite '. «... 10 

0. Brownish gypsiferous clays , 100 

D. Yellow sandstone, with seams of selenite 4 to 12 inches thick 100 

B. Conglomerate of igneous pebbles, syenitic, porphyritic, and jasper 60 

F. Greenish arenaceous gypsiferous rock 60 

Total thickness. 410 feet. 

The upper beds are marly clays ; the lower, grits and conglomerates. It has already been 
stated that these beds are unconformable to the Santa Gatarina hills, whose lamellar felspar 
dip easterly (4*^) on its eastern slope. At Tucson, gypseous rock is also found dipping slightly 
west; so that these beds appear to have been deposited on the slopes of the Santa Gatarina, 
whose elevation is thus less recent than these gypseous beds. It is remarkable that here these 
gypseous beds repose on conglomerate, and this latter on a primary bed. This is the same 
disposition which occurs upon the eastern slope of |he sierra emerging from Yallecito. The 
gypsum beds there present also the same physical and chemical characters with those observed 
here. A section is given in figure 6, plate XI. 

There can be no doubt that these beds correspond to the cretaceous strata of Texas and those 
east of the Alleghany range. On the San Pedro they repose on granite, and eighty miles up 
the river are covered up by the tertiary conglomerates and gravels which constitute the great 
desert of Sonora and of the basin. Lower down these, having been denuded, allow the exposed 
beds to appear. Like all other cretaceous beds, they are gypseous and marly above and 
sandy below ; but they are singularly sparing in fossil remains, a few pieces of silicified wood, 
washed down by a creek, being the only traces of organization observed. 

An analysis of the stratum A is subjoined in the chapter on Ghemical Analysis, containing 
one-third its weight of clay and nearly one-half carbonate of lime ; this gives to the whole mass 
a chalky character and cohesiveness. It is a very fine marl. 

The stratum G is a mixture of clay and irregular formed crystals of gypsum, with minute 
crystals of common salt (chloride sodium.) The saline particles prevail, and give a rough 
and crepitating feel to the clay. 

About sixty-five miles southeast of the mouth of the San Pedro a crested hill of granitoid 
rock crosses the river, through which the latter canons. This rock is the continuation of Santa 
Gatarina, which, in preserving its trend, crosses the river, whose tendency is to turn west- 
ward ; from this point the gypseous beds disappear, being covered up, if they exist, by a thick 
bed of loose conglomerate gravel, granitic sand and gravel, with quartz pebbles. 
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144 DIFFERENCES AND RELATIVE APPEARANCE OF IGNEOUS ROCKS. 

The further up the river is travelled, to Tres Alamos, the deeper this bed appears to become, 
until the desert level at camp, (July 17,) at the crossing of the river, is reached. 

This gravel appears to be the covering of the whole plain country around, and, from its great 
depth, is one of the causes of its great sterility. At the point where the river canons it is 
about 100 feet deep. It always reposes uncomformably upon the conglomerate beds, which 
are there exposed^ and which constitute the lower beds of the gypseous strata. 

At the base of the small hills northeast of camp at Tres Alamos, this conglomerate is exposed, 
and, by pounding and washing the pebbles, quartz, red porphyry, and serpentine, a few small 
scales of gold were obtained. Southwest of the river, at Calabasas ranch, and at Tucson, gold is 
also obtained ; and there is no doubt that not only where this conglomerate is exposed, but 
also in the granitic and felspar rock of Santa Oatarina, from which the conglomerate is derived, 
gold could be obtained by washing. The scarcity of the water is the great drawback to its 
abundant separation. The cementing clay of the auriferous gravel had very minute crystals of 
carbonate of lime (arragonite) interspersed throughout. 

Of the two varieties of plutonic rock which appear along the Gila and in the San Pedro 
valley — the basaltic and reddish amygdaloidal porphyry rock — the latter is a trachhyte, and 
exists in by far the largest masses, while the basalt occupies a stratum or layer a few feet thick 
over the general surface ; the amgydaloid trachyte forms the great mass of basal rock in many 
of the upheavals of this region ; yet it is remarkable that, upon the mesas and banks of the 
San Pedro, the scattered fragments of basaltic rock which lie strewed over the whole surface are 
very numerous, and constitute, indeed, the main portion of the detrital fragments ; the frag- 
ments of amygdaloid rock bear no relation to those. 

On the other hand, when we examine the conglomerates, especially those placed lowest in 
position, the amygdaloid is found to be the prevailing rock, giving the color and the character 
to the conglomerate, then granitoid rock, and least of all the basalts ; in some beds the basalt 
is wholly wanting. 

The basalt is found mostly in veins or dykes and the amygdaloid rock in masses, and, in 
almost every instance, the latter is covered up by basalt. 

From the relative position of the two rocks, and from the constitution of the conglomerates, 
it is evident that the basaltic flow is posterior, in point of time, to the elevation of the amygda- 
loid rock. 

When reviewing the structure of the Organ mountains, it will be found that a similar view 
of the relative ages of these plutonic rocks is advanced, based upon other reasons. 

The crossing at Tres Alamos, on the San Pedro, is over 900 feet higher than the mouth of 
the same river 90 miles north. The valley has risen thus much toward the level of the hill tops, 
and nothing but the desert gravel meets the eye roaming over one of the most extensive pros- 
pects which nature can present— a flat of almost boundless extent toward the south, with the 
horizon line in a curve from its vastness, broken in upon only at a few points by an isolated 
range, the representation of the loftier and closely aggregated chains of New Mexico. 
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CHAPTER XXI. 

DISTRICT OF PLAYAS OK SMALL TALLEY TROUGHS. 

Ascent op the spurs op sierra calitro.— Approach to the playa.— Deposit op conglomerates —Granitic axis.— 
Stratified rocks on the west side op the playa.— Extent, surface, and boundaries of the playa.— Sand ridges 
op the margin, their origin.— Palaeozoic rocks op the basin.— Volcanic rocks, serpentine and augite.— Thick- 
ness AND DIP OP THE ENCRINAL LIMESTONE.— ThE PLAYA IN THE RAINY SEASON, ITS PHYSIOGNOMY.— ChIRICAHUI MOUNTAINS, 

structure and trend of.— Its relation to the pinaleno mountains.— Structure op Puerto del dado— Porphyry 
DYKES.— Dos CABEZOS.— Volcanic rocks in canon.— Valle del sauz, limestone rock op.— Extent of valley.— 
Peloncillo hills.— Trachyte and basalt overflows.— Extension northward.— Successive eruptions.— Pyramid 

hills, their structure. — ^VaLLE DE LOS PLAYAS, SOIL AND SANDSTONE OF. 

To reacli the Playa de los Pimas from the San Pedro, at Tres Alamos, the trail passes over 
a low range, the subsidence of the Santa Catarina, joining by a spur the Oalitro range of hills, 
and both merging into the general level of the extensive plateau ; in so doing it divides into 
several spurs, and over the one which trends furthest south this road passes. The ascent, 14 
miles to the summit, is easy, and is over beds of granitic clay and gravel, deposited very 
nearly horizontal, from 80 to 100 feet in thickness— dipping west a few degrees north, at a very 
small inclination. The upper beds appear to be of the coarser material. This formation is 
not found on the descent of this spur, which is composed of the exposed surface of the stratified 
rock. This is the eastern limit of this unconformable tertiary stratum of desert gravel. 

The summit over which the trail runs has an elevation of 4,707 feet, and is a plane surface 
for several miles ; the axis is granitic, very abundant in yellowish felspar ; a quartzose compact 
conglomerate lines both sides of the axis, dipping N. 30 W. and S.B.; not more than 40 feet of 
thickness of these beds are exposed. Further down the eastern slope of this spur limestone is 
exposed, with a bare, thin soil covering it, the dip eastward ; a few degrees south, and upon 
the back of the strata for some miles the road lies. This bed is fossiliferous— encrinital— and 
in places cyrstalline and metamorphic ; a characteristic of it is the mode of weathering, leaving 
rough elevated surfaces— the whole strata being fissured throughout, and the cavities filled by 
white amorphous carbonate of lime. This rock is also very argillaceous, and weathers irregu- 
larly, leaving a brownish yellow, clayey surface, caused by the removal of the superficial crust 
of carbonate of lime. 

GEOLOaY OF THE OALITEO HILLS. 

These hills have been already noticed as the 2d range in the Pinaleno mountains. They 
are well seen coming up the Gila at the mouth of the San Pedro.* The Gila canons through 
them and exposes vast masses of red sandstone, which constitutes the great bulk of the hill. 
The whole range is capped with limestone ; the lower carboniferous beds, which, further to the 
south and east, is found in the basins and lower country, are here uplifted 2,500 feet above the 
level of the river bed, and broken through and tilted at opposing angles by basaltic and amyg- 

* Where three distinct ranges running N. by W. paraHel to each other may be seen in proximity, the Sierra Calitro being the 
most easterly of these. The Pinaleno range is hidden from view. 
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146 ELEVATED PLATEAU — STRUCTURE OF PLATA. 

daloidal trachy tic intrusions ; a layer of amygdaloid being found in some places concealing the 
limestone. Saddleback mountain in this range is an instance of this tilting of the strata at 
short intervals apart, giving the hoUow-bacbed appearance to the mountain from which it 
derived its name. This range is remarkable for the flat summits of the hills — forming large 
plateaus of several acres in extent. Its direction is north 45° west. The Exposure of sandstone 
beneath the limestone capping cannot be much less than 1^000 feet. This rock has already been 
referred to the Devonian system, and is the oldest sedimentary rock met with on the survey. 

The range has an average breadth of 10 miles, and cannot be less than 100 miles in length. 
Its course along the right bank of the San Pedro is above 70 miles in a straight line, and it can 
be traced by the eye more than 20 miles north of the Gila. 

GEOLOGY OF THE PLAYA DE LOS PIMAS. 

This playa is a level plain of white sandy clay, glittering with white quartz and felspar par- 
ticles, which have not undergone attrition sufficient to round them. To the eye it appears an 
uniform flat, but it rises gently toward the north, where it is continued into the valley between 
the Calitro hills and the Mount Graham or Pinaleno range ; it is from this northern prolon- 
gation of the playa that the fine quartz particles are, in all likelihood, derived, inasmuch as vast 
masses of loose quartz rock is found at the slope of the Calitro hills, and in the beds of the 
arroyos leading from that range on its east side. 

Where the playa impinges on the base of the mountain ranges, several small, low sand masses 
are formed^ the effect of winds on the plain collecting the sands together. 

The low range of the Sierra Calitro, just described, over which the trail runs, forms the western 
boundary of the playa. On the eastern border lie the Chiricahui mountains. The granitic axis 
of both, being similar and in connexion, form the basin in which lie the stratified rocks of the 
palaeozoic period. They lie conformable to the primary bed, and are, in a few places, cut 
through and displaced by veins of serpentine and dykes of augitic rock, which are more evident 
on the eastern than on the western margin of the playa. 

The slope from the Chiricahui to the playa is gentle and rolling, cut up in a few places by 
deep, dry arroyo beds ; it is here that the sedimentary strata are displayed in part. The lime- 
stone is exposed in the bed of a creek about two miles before the pass in the mountain is reached ; 
it is here metamorphic, and filled with seams of white carbonate ; in other respects it is similar 
to that forming the tabular slope of the west side of the playa ; the beds slope down into the 
playa and form the superficial rock at least upon its margin. Higher up the creek bed there is 
exposed a bed of metamorphic sandstone rock. Sixty feet in thickness of this was exposed ; it 
dips under the limestone, though its contact with it was not observed ; ascending the base of 
the mountain felspar, porphyry, with quartz veins, constitute the foot hills. 

The strata met with in the playa, and occupying the whole valley, are : 

1st. Coarse red conglomerate, cemented by a gypseous and calcareous paste, including rounded 
pebbles, mostly of jasper, occasionally of augite, syenite, and other plutonic rock. On the 
Chiricahui slope this conglomerate is 90 feet thick. On the western limit of the playa it exceeds 
100 feet ; but as it is not fully exposed its total depth there cannot be declared. 

2d. Whitish sandstone grit, metamorphic, and in places possessing double line of cleavage. 
This bed reposes on the conglomerate, and was not exposed on the western edge of the playa ; 
on the eastern it was 60 feet in thickness. As this bed is much thicker further eastward, it is 
probable it may be here also, but its limits are covered up by superficial detritus. 
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3d. Encrinital limestone^ metamorphic and crystalline in its lower beds ; roughish ; brown 
on the exterior ; deeply fissured^ the cracks filled with amorphous carbonate of lime ; blue in 
the interior^ and in some beds highly fossiliferous. Perhaps this is the superficial rock of the 
plaja ; none other crops out upon the surface or border. It is hard to fracture and weathers 
slowly, and is largely exposed on the western slope of the playa, where it forms for miles the 
bare rock of the surface^ so lightly covered with soil that only cactus and fouquieria can support 
an existence. 

On the west boundary this rock dips southeast 7^ ; on the east side it dips southwest 12^. 
The thickness on the western side is 150 feet; on the east it is covered up so that not more than 
40 feet is exposed. But it is probable the total thickness is not less than 200 feet. 

During the excessive rains in the rainy season, the whole or the greater part of the playa 
bottom is covered by water to a depth from a few inches to some feet. During some large portion 
of the year there is a small lake in the centre, and such has been noticed by some travellers^ but 
the continued evaporation ultimately dries up all surface liquid, and leaves no traces but the 
soft clay bottom, marked in places with the rippled lines of the recent lake ; the soft texture 
of the soil allows the foot to sink several inches down ; and, on the margin of the playa, a 
collection of fine sand or beach of angular quartz ; without vegetation on its surface it resembles 
an extensive field freshly ploughed and rolled, over whose heated surface the mirage depicts 
its beautiful and tantalizing lakes of great extent.* 

The physiognomy of this district is peculiar^ and different from what is presented in similar 
situations in the Atlantic States. There the interval between two mountains is a distinct 
valley or trough, and the approach to the mountain is broken by a gradual swell and rolling 
country ; but here there is no valley — it is an uniform flat, running abruptly to the base of the 
hill, which thus stands boldly out, and once reached is immediately ascended. It would appear 
as if where these submarine elevations occurred that the shore actions must have been of some 
power and duration to deposit su^h an amount of sedimentary strata and detritus, that the 
whole valley proper has been filled up to an even level line ; and but little alteration has been 
produced in this, save where the mountain streams have cut deep arroyos in its sides. 

It is this horizontality of the detrital beds which has produced the playa by reason of the 
inefficient drainage of the waters ; there being no decided fall in any direction, the water lodges 
in the subsoil, forming springs. 

The vegetation on the Calitro hills is that of a desert ; a variety of black walnut is found in 
the canons near the summit^ but the descent is quite sterile, being mostly an exposed bare rock, 
(limestone.) Fouquieria and agave, with palmetto, but no traces of mesquite, are found on the 
descent to the playa. 

The slope to the playa on each side is very gradual, so that although a space of twenty miles 
intervenes between the Sierra Calitro and Ohiricahui, yet the playa proper has not a greater 
breadth than eight or ten miles. It is difficult to estimate its length, as its boundaries north 
and south are not defined — stretching northwards between Mount Graham and the Calitro hills 
and rounding Chiricahui, both north and south, and spreading into the elevated plain country 
to the south and east. 

'-" Lieut. Gr. Andrews, 3d Art., commander of the escort accompanying the survey, informed me that on his return with his 
company to Fort Yuma, crossing this plain early in December, he found a small lake, a mile wide and perhaps three miles 
long, four to six inches deep — the accumulation of the summer rains on the slopes and over the surface of the valley. 
This shows what a large volume of water is available if means were taken to preserve it. 
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148 WATER ON PLATA — CHIRICAHUI HILLS. 

It is smooth, as a bowling green, without any river bed in its middle ; the small creek beds, 
leaving the mountains on each side, only run a short distance, and lose themselves by sinking 
in the sand in dry weather, and in the rainy season by delivering their waters into the shallow 
lake which then occupies the play a bottom. 

On the north edge of the playa, along the trail and toward the middle of the plain, are a 
series of pools or springs, which yield a large supply of water^ which at this season was very 
cool but exceedingly unpleasant, being slightly saline, sulphurous, and highly impregnated 
with decaying vegetation. These springs form a boggy marsh or swamp as they flow several 
yards along, giving growth to juncus, carrizo, and tule. These springs are included between 
layers of clay in the alluvium, and are not derived from leakage through stratified rock. They 
are produced by the infiltration and wash of the slope of the plain outside the playa oozing 
up through some fissures in the clay. A large supply of water might be obtained by sinking 
wells along this line a mile north and south. 

An eifervescence of carbonate of soda and salt is found around this moist district. 

GEOLOaY OF THE CHIRICAHUI MOUNTAINS. 

The Chiricahui range is a small, well-defined mass of mountain, standing prominently out 
from the level basin which surrounds it. The playa just described extends around its northern 
and southern extremities, so that, though lofty and of considerable breadth, it is completely 
isolated, and forms one of the many peculiarities of this latitude. 

Yet it preserves the trend common to all the mountain ranges here, viz: N. 40° W., and lies 
in the line of the prolongation of the axis of the Pinaleno range, of which it may be con- 
sidered the southern extension, that range in which lie Mountains Graham and TurnbuU. 

It has also the same geological structure as the Pinaleno range. Major Emory crossed the 
latter in two places, and found on the slope the following disj^osition : 

Granite, very coarse. 

Eed sandstone^ in layers one foot thick. 

Conglomerate of sandstone and pebbles. 

The depth of the two last was many hundred feet, with the stratification much deranged. 
Near the mouth of the San Francisco the formations were : 

Granite, with much red felspar. 

Argillaceous limestone, with a west dip. 

Sandstone, calcareous and coarse grained. 

Diluvium. 

Descending the Gila toward Saddleback Peak the following order of rocks occurred : 

Granite. 

Compact limestone. 
Black slate. 
Eed sandstone, dip southwest 25°. 

Although the limestone and granite were observed very close together, yet in no case were 
they found in contact. 

Saddleback Peak, when viewed from a distance, appears to be made up in its upper portions 
of limestone capped by amygdaloid, and, perhaps, composed below of sandstone, limestone, 
and conglomerates. 
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The order of the strata on the western slope of the Ohirieahui, along the trail, was— 

Granite, felspathic. 

Serpentine, auriferous. 

Hornblendic black slate. 

Quartz, ferruginous and drusic. 

Jaspery conglomerate, (exposed,) 90 feet. 

Sandstone, with cleavage lines, 60 feet. 

Limestone, compact and metamorphosed, 100 feet. 
As has been stated already, it is difficult to give the estimate of the jasper conglomerate with 
any approximation to truth, as it is not fully exposed. The serpentine is in thin beds, and the 
black slate is not more than fifty feet thick. The ferruginous quartz is rather an altered or 
metamorphic sandstone ; an interval of 500 feet at least here separates the limestone from the 
primary rock, and it is probable that, though not observed at the mouth of the San Francisco 
river, this intervention exists there also. 

It may be remarked of the limestone strata which were encountered on the slope of the 
Oalitro range dipping eastward, that they showed themselves there for the first time, that rock 
not having been observed on the eastern slope of the Sierra Nevada, nor at any of the small 
ranges on the desert or up the Gila. At Goat hills, and a few other points, the conglomerate is 
the only rock exposed which should not be confounded with the sandstones and conglomerates 
below the limestone ; lithologically dissimilar, they are also of very different ages. 

^^PUEETO DEL DADO.'' 

The pass through the Chiricahui, so called, is a narrow, winding trail ; it opens up into 
small valleys of unusual fertility, enclosed by mountain walls. There are no secondary rocks 
in the Puerto. The whole mountain is a mass of primary rock, of which a reddish felspar 
granite, mostly of a coarse character, forms the chief part ; veins and dykes of porphyry felspar 
cut through this and reach the summit, and, from its being of a finer texture and less acted on 
by the weather, form those turretted summits which, visible from a great distance, and situated 
upon the apex of the hill, constitute what are called the Dos Oabezos. These cabezos are 
repeated in several places along the crest wherever the porphyry dyke happens to be produced, 
but those which are known as such are on the most prominent point of the mountain. At the 
western entrance of the canon several quartz veins running north and south cross the trail, one 
of these being 40 feet in width ; accompanying these is a blue quartzose chalcedonic rock. In 
the granitic rock the felspar crystals are large, distinct, and reddish, and everywhere through 
these smaller, as well as the larger hills, felspar dykes, rising at an angle of 60° from the east, 
cut their way and form the angular crests. 

The whole mass of the mountain is more felspathic than granitic— thus, felspathic rock; rock 
felspar crystals, in a felspar paste ; felspar rock amorphous ; felspar rock, with rhomboidal 
cleavage ; porphyritic felspar, i. e., quartz and felspar— a rare rock ; quartz veins, both ferru- 
ginous and vitreous, which usually run at a right angle to the felspar dyke, whose general 
direction is N. 60° E. Such is the constitution of the whole mass of the Chiricahui, from the 
entrance to the exit of the canon, a breadth of nearly ten miles. 

Dykes of augite, in some places 15 feet in width, cut through the felspar rock in the creek bed 
on the east slope of the Puerto, and thin beds of serpentine are found occurring on this as well 
as on the western entrance of the Puerto. 

Although properly considered as one mountain mass, elevated synchronously, yet, in crossing 
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it by the canon, the valleys in the interior are disclosed ; they are elevated considerably above 
the level of the playa outside, (which, itself, has an elevation of 4,236 feet,) being above 5,000 
feet, and are of small size ; being enclosed between the crests of lesser ranges which cross obliquely, 
from east to west, small streams flow in due season down from the main mass of mountain, and 
have worn deep beds in the granitic rock and carried the detritus into the valleys to form their 
soil. The accumulated water of snow meltings and of rain upon an impervious bottom, leads 
to the production of wells and springs, with which some of the valleys were supplied. There 
was abundance of good grass and small timber ; oak, cedar, and walnut, arbutus, and wild 
cherry were the common growth ; such are the results of an increased altitude, and a good sup- 
ply of water on this latitude. 

The great mass of Chiricahui is uplifted on its western side ; it is there that Dos Cabezos 
towers, and there the trail rises abruptly to the summit, which is not more than three miles 
from its western entrance ; the remaining distance, seven miles, is a slow descent through a 
narrow canon, tortuous and difficult for wagons ; the canon leads along a creek bed winding 
through a series of foot hills, also granitic, but dislocated and injected by veins of crystalline 
felspathic rock, augitic dykes, and masses of serpentine. There, also, the type of the rock is 
felspathic, sometimes porphyritic, and sometimes lamellar. The proximity of augitic and 
serpentine rocks would lead to the supposition that these canons might be auriferous, as also the 
black shale near the serpentine on the west side. Gold is stated to have been found in the 
mountains by the Gila Apaches, and brought to the Eio Grande by them. Our time did not 
allow an exploration. 

VALLE DEL SAUZ. 

Emerging from the canon on the east side of the Chiricahui, the limestone rock is again met 
with ; it is in close proximity to the felspar rock, dipping northeast at an angle of 40°. The 
lower strata are metamorphic and converted into a white granular marble ; the upper beds pre- 
serve their bluish color on fresh surfaces, weathering to a brown tint on the surface ; one bed full 
of encrinital stems, others suffered much from the fossils dropping out, leaving the matrix in a 
crumbling condition. It is here 180 feet thick, and the dip at the edge of the valley is 11° 
southeast. 

This is the only stratified rock observable to the edge of the valley. This plain stretches 
from the base of the Mount Graham range, southward, rising slightly in the latter direction, 
Chiricahui bounding it on the west, and the Peloncillo hills on the east ; the breadth is fourteen 
miles, and in the valley bottom, which approaches the latter hills, the Arroyo del Sauz flows at 
times. At this visit nothing but pools of muddy and brownish water were visible, occupying 
deep holes in a clay bottom. 

The valley has a slight slope to the north ; its bed is a red felspathic clay, with beds of drift 
gravel of considerable depth. The^ clay beds serve to retain the rain waters and those o^ the 
river channel, forming the water holes found in its bed. 

This plain presents the same features as the playa just described, as far as regards vegetation, 
without being absolutely bare, as that was ; yet its growth is of that thorny, worthless, desert 
character. Fouquieria, larrea, yucca, palmetto, and agave, are the only growths on the slope of 
the plain, down to half a mile from the river, where the mesquite tree begins to appear, and the 
willow is found collected round some of the water holes in the bed of the stream. The alluvium 
in the immediate vicinity of the stream bed is a very fine clay, which puddles well and serves to 
retain the water. The soil of the slope is a decomposed felspathic granite and a reddish 
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silicious sand. From the character of the vegetation on the slope, it is evident but little water 
is retained there, and no creek carries its bed sufficiently far to deliver its waters into the Sauz 
stream. The rain water absorbed into the soil probably finds its way to the lower level of the 
valley near the river bed, and may go to form the water pools existing there in dry seasons. 

Although no rock was observed here in place overlying the- limestone, yet the depth of 
detritus and gravel on the upper edge of the plain leads to the suspicion that a sandstone rock 
is the immediate basis rock ; the reddish silicious sand also presupposes that it is a reddish 
sandstone, such as is found further east. 

Looking back at Chiricahui from the Sauz brook it appears a much larger range than when 
seen from the playa. The eastern and southern prolongation of the mountain is only visible 
from the Sauz valley, where it appears to run 30 miles south of the canon. The highest peaks 
of the mountain also lie to the south of the Puerto, and attain an elevation of 6,000 feet above 
the sea, or 2,000 feet over the plain on either side. At such an elevation this great mass of 
rock must attract the rain clouds of summer and receive a large supply of water ; from Septem- 
ber to April its summits must be frequently capped with snow, thus increasing the water supply. 
Still, it may be asked, what becomes of this water? is it all confined within the valleys of the 
range? The arroyo beds, which are numerous and some of them deep, leading from the flanks 
of the hill, flow one, two, or it may be even three miles into the plain, but, sooner or later, 
they ultimately lose themselves in the detritus of the valley ; and of the few arroyos which drain 
out from, the interior of the mountain into the external plain, not one of them flows permanently. 
There is not, in fact, comprised within the whole mountain region or its confines, one single 
permanently flowing stream. The stream beds show that occasional flows of water occur from 
excessive rain or from unusual thaws of snow, and that from their sudden rise the waters exert 
a great force in scooping out a channel ; but this only exists for, at most, a few weeks in the 
year, and thenceforth diminish, so that for three-fourths of the year they are represented by dry 
beds. From the apparent condition of the surface, we must conclude, notwithstanding the lofty 
elevation of the basal plain and the mountain ranges, that but a small amount of rain falls in 
the year, and that the solar evaporation must be very nearly equal to that rain fall, whatever 
its amount ; for, if not, the plains would become water soaked from having no good surface 
drainage, and would produce a varied and abundant vegetation. 
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CHAPTER XXII. 

VOLCANIC OR DISTDBBED DISTRICT. 

Burro mountains.— Igneous and metamorphic rocks of penasquitas. — Region about ojo de la vac a. — Red sandstone.— 
Character of spring. — ^Trachyte buttes. — Enumeration of the stratified rocks near the mimbres. — Structure 

OF THE mimbres VALLEY. AgUA CALIENTE. ViCINITY OF THE SPRING— PROPERTIES AND TEMPERATURE OF THE WATER. 

Carbonic acid gas. — ^Volcanic disturbance of the region. — Giants of the mimbres.— Plain east of the mimbres 

RIVER. PiCACHO. ElEVATION AND STRUCTURE.— TrACHYTE AND GREENSTONE DYKES. — OBSERVATIONS ON THE PICACHO.— 

Structure of the vicinity of cook's spring. — Character of the water. — Jornada. — Basalt district. — Extent. — 
Trachyte outpouring. — Monument hill. — Mesas of rio grande valley. — Sandstone detritus. — Picacho of 
mesilla. — Topography of vicinity. — mesilla valley, extent. — River bottom, fertility. 

PELONCILLQ HILLS. 

These have been so called from containing a few hills whose conical shape bore a strong 
resemblance to the Sugar Loaf, and whose form is so distinctive as to make them easily recog- 
nizable from a distance. This range is of but small length, about 15 miles, dividing the great 
plain east of the Chiricahui mountains into two, which interlock round the north and south 
extremities. Geologically, these hills are unimportant. They are upheavals of plutonic rock, 
extensive overflowing of trachyte amygdaloid, and basalt, covering up the stratified rock, the 
only one of which observable there is a reddish conglomerate, now appearing for the first time ; 
dykes of felspar, augite, and porphyry, (reddish,) run from north to south. Some of the 
felspar dykes are seventy feet in width, and run north and south. The axis of all the conical 
hills in this range are made of this rock, the dyke being readily traced by the eye to the summit. 
Milk-white and opaque chalcedony is very common, the amygdaloid rock often containing large 
nodules. 

The amygdaloid and basalt capping of these hills dip toward the centre, as if there were two 
rents of the crust, and two upheavals, with a synclinal axis between. The whole breadth of 
the range is small^ and the latter must be looked on as the termination of a basaltic efflux, which 
further north, at the junction of the San Carlos with the Gila, has produced a much greater 
amount of local dislocation. 

A line of less disturbance, of a precisely similar character, lies a few miles east of these hills, 
in the middle of the Valle de las Playas. There are a few pyramidal shaped hills made up of 
felspar dykes, with amygdaloid and basaltic rock, both compact and laval. 

The valley '^ de las playas '' is an extensive plain, without any well defined slope to the north 
or south. The soil is much more arenaceous than that of the Sauz valley, and is much less 
deep. It is composed of a reddish felspar sand, mixed with white quartz pebbles. No water 
was found in the valley bottom. Opuntia and echino-cacti, palmetto were very abundant, with 
yucca, larrea, obione, and dwarf mesquite. 

The blue limestone of Chiricahui is not seen here ; whitish metamorphic sandstone, with 
beds of yellow, slaty grit, and flinty conglomerate, form the valley basin. These strata are 
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not visible on the immediate valley bottom, but can be traced on tbe billsides, and near tbeir 
summits. On the Peloncillo margin of the valley the dip is 8° south 20° east. On the 
pyramidal hills the dip is 12° north 20° west. East of these, and near the Ojo de la Inez, and 
at Penasquitas, the strata exposed from above downward were — 

Summit capping of felspathic amygdaloid ;........ 30 

Sandstone grit , metamorphic 25 

Blue silicious chaledonic rock, with seams of talcose rock 30 

Yellow sandstone shale. 45 

Brown conglomerate flinty pebbles and agatized layers 66 

Total thickness 196 

I searched these sandstones in vain for fossils. They are, in position, superior to the lime- 
stone, and inferior to the gypseous beds of the San Pedro. The soil of this, the eastern extremity 
of the valley, is highly gypseous, being, in texture, a reddish sand, with whitish pebbles ; these 
latter derived from the sandstone grit above alluded to as lying under the amygdaloid capping. 

The Peloncillo and Pyramid hills, as they have a striking resemblance in form, so in 
structure are they alike. They are not protrusions of primary rock which have carried up 
their superimposed strata, such as Chiricahui and the Sierra Oalitro, but they are injections of 
plutonic rock, which, rising in a fluid condition, has forced itself through the fissures formed 
by the subterranean force, and spread over the summit level of the plain, covering over the 
stratified rock, infiltrating itself between the strata, and metamorphosing them to a great 
extent, giving rise to every shade of silicious rock, from ordinary sandstone to chalcedony, 
opal, and chabasite. — (Plate XII, figs. 2 and 3, illustrate this intrusion.) 

Trachyte and porphyry are the two species of rock erupted most abundantly ; the former 
forming the crest of many of the hills, entering the canon, and spreading itself over the 
surface like a stratum, while the porphryries are found in dykes, and do not appear to have 
been so fluid as the trachytes. A trachytic conglomerate is found capping some of the lower 
hills, the pebbles of which are porphyry, while the paste is trachytic ; thus the porphyry 
injection would have been the first which occurred, the trachyte subsequently forcing its way 
through the strata by different fissures, and by the rupture of the crust involving the 
porphyry fragments in its mass. There are as many as five varieties of porphyry found, all 
of them having a fine clay felspar paste from light brown, passing through shades of red to 
violet, including small well defined crystals of orthose. On the east side of the Peloncillo 
range, near camp, August 4, in the canon, a dyke of dense augitic basalt protrudes through 
the trachyte which lines it on either side ; the vein is 25 to 30 feet wide, increasing in width 
downwards. East of it, in the bed of the arroyo at camp, the reddish felspar porphyry, con- 
taining quartz crystals of irregular form, is found 60 feet wide. This is the same rock found 
on the north side of the Gila in the canons, and also among the igneous rocks at the foot of 
the Sierra Oalitro. — (See Plate XII, figure 3.) 

It may be perceived from the foregoing that there have been three distinct volcanic outpour- 
ings in these ranges — the Peloncillo and the Pyramids, considering them geologically as one. 
1st, that of the porphyries ; 2d, that of the trachytes ; and 3d, that of the basalt, the antiquity 
of which were in the order indicated, and the earliest of them subsequent to the deposition of 
the reddish sandstone and whitish grit, which overlie the lower carboniferous limestone. 

The result of these outflows has been, not only to elevate the district in which the flow actually 
occurs, but also the whole region in a line north and south, lifting it up to a much higher level 
20 U 
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154 VOLCANIC ROCKS OF THE DISTURBED DISTRICT. 

without dislocating the strata so much as to tilt them up sharply. They have been dislocated 
very much in places, but the result has apparently been to produce faults, as if the whole strata 
had been elevated, and afterward, settling down unequally, produced the fissures or faults. It 
is worthy of remark that each valley, from the Santa Catarina range, with one exception, is at 
a higher level the more east it lies, thus : 

Elevation of the San Pedro at Tres Alamos 3,413 feet. 

Elevation of Valle de los Pimas 4,127 " 

Elevation of Valle del Sanz 3 815 '' 

Elevation of Valle de los Playos, west side 4,269 '' 

Elevation of Valle de los Playos, east side 4,330 *' 

Thus, the effect of the Peloncillo range is to elevate the valley east of it over 450 feet, and 
the smaller range of the Pyramids appears to lift its valley 60 feet above its neighbor. 

The trachyte and basalt country here blend together, forming a very elevated rugged land of 
hill and small valley, with rough canons ; it abounds in small wells and springs, which are found 
in the canons, from four to six miles apart, the water being clear and wholesome. 

BUKEO MOUNTAINS, PENASQUITAS. 

Leaving this valley of the Playas to the east, the foot hills of the Burro mountains are entered. 
These, in constitution, resemble the Peloncillo and the Pyramid hills, and differ from Ghiricahui 
in this regard, that they have not a central igneous nucleus around which the strata are inclined, 
but are rather a series of waves, upraising great breadths of land, with bluff's generally to the 
east, and sloping more gradually westward ; and though these hills individually attain no great 
elevation, the whole country appears to have been lifted up considerably. These porphyritic 
chains appears to have a pretty uniform direction N. 60° W., which is a much greater inclina- 
tion than either Ghiricahui on one side, or the Organ mountains, on the Kio Bravo, on the other. 
By this trend of the hill ranges open low canons running east and west traverse them every- 
where, and passes from one valley to another are easily found. The yellow sandstone is in 
some places hardened like enamel ; in others, converted into agatized layers. The Burro hills, 
whose southern extension is crossed at Penasquitas, and forms the rolling country at Ojo de la 
Inez and Ojo de la Vacca, lie more to the north, where they are gathered round the banks of 
the Gila, through which the river canons. They are there lofty rugged masses of sandstone, 
broken through by trachyte and porphyries, narrowing the bed of the river, and diverting it 
northerly from its previous southern course. As the chain passes south, it drops down at the 
point where the trail crosses. None of the hills exceed 700 or 800 feet in height. 

Exposures of rock in the canon leading to the Ojo de la Inez showed the same succession of 
trachyte and porphyry rocks as on the Peloncillo ridge. The valley of the canon ran up north- 
west, and was about 250 yards wide near the spring or water-pool. On each side the hills rose 
from 250 to 300 feet, capped at the summit by trachyte, covering up yellow sandstones and 
conglomerates. Thus, one hill, on the south side of the valley, viewed from above, downwards^ 
afforded the following structure : 

The estimation in feet is approximate. 

Trachyte porphyry 30 feet. 

Metamorphic sandstone __ 25 " 

Blue silicious and chalcedonic rock 20 " 

Talcose and trachyte layer _ _ 2 *' 

Yellow sandstone shale, dip 12° N. 20^ W 45 " 

Conglomerate of agatized pebbles 50 " 

172 ** 
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On the north side a hill, 100 feet high, yielded a similar section, excepting the exposure of 
the lower conglomerate. In some places the sandstone is hardened into enamel. The trachyte 
and porphyry protrusions run N. 60° W. (mag.) The trachyte in places has a ribboned struc- 
ture, and resembles fossilized or silicified wood, but the appearance is communicated to it by its 
cooling while in motion, and being thus drawn out in an uneven plane; occasionally,- chalcedony 
is found occupying cavities in it.— (Plate XIII, fig. 1, exhibits the strata as at Penasquitas.) 

From Penasquitas to the Eio Mimbres the country is an elevated, broad plain, interrupted 
here and there by a few erupted masses of porphyry and quartz rock, forming conical hills. 
The same disturbance which upraised the Burro hills, acting here to a lesser extent, but in the 
same plane, and extending its influence in every direction around, even as far as the Sierra 
Florida, which presents a volcanic rugged surface similar to those in this neighborhood. 

The only rock visible between Penasquitas and the Ojo de la Vacca is a coarse red meta- 
morphic sandstone, which crosses the trail obliquely, or from N.W. to S.E. The spring or 
^'Ojo'' is a deep well in the centre of a plain, depressed somewhat below the general level. 
Several holes have been dug about five feet around the natural spring to obtain a readier supply, 
the edge of the Ojo being boggy and full of rushes. The water is good and slightly sulphurous, 
but full of vegetable matter and animalcules. The evaporation of the surface water appears to 
keep pace with its bubbling up in the spring, since there is no stream rolling oif from it, a 
slight marshy condition of the ground being the only effect. One-fourth of a mile east of the 
Ojo is one of the conical hills alluded to ; it is quartzose and porphyritic trachyte. Perhaps its 
protrusion may have dislocated the red sandstone, producing a fault, and giving an opportunity 
for the subterranean water to ooze up from beneath the fractured edges of a stratum. 

Between Ojo de la Vacca and the Mimbres river the red sandstone strata are again crossed, 
which are better exposed here than west of the Ojo. It is a brick-red, homogeneous rock, with 
whity felspathic clay and nodules, and cavities sparingly scattered through it. The direction 
of the strata E.S.E., and the dip 26° N.N. E. The actual exposure was only 20 feet in thick- 
ness, though it is reasonable to think it reaches to next exposure of rock, making 190 or 200 
feet in all. This forms the road bottom which crosses it, and in the angles between the edges 
of the strata water holes exist, which were well supplied with water at this time. 

Lying immediately over this sandstone was a thin bed of whitish conglomerate or grit. The 
paste was aluminous, and the pebble porphyritic felspar. This bed was 15 feet thick. 

Beyond this and overlying it was a thin bed of grayish clay rock, about two feet thick. 
Further east a thick bed of white felspathic conglomerate, 210 feet across. The included 
pebble is a dark, silicious stone. The conglomerate beds have the same trend as the sandstone, 
but the dip is somewhat less^ being 22°. 

The local disposition is thus : 

Feet. 

1. White felspar conglomerate 210 

2. Grayish clay porphyry rock, stratified 2 

3. White sandstone grit 15 

4. Eed fossiliferous sandstone 188 

Total ^ 415 

This last rock is in proximity to the amygdaloid porphyry. The geological relations of these 
sandstone beds will be considered further on, when describing the geology of the Mesilla valley 
and the Organ mountains. 
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166 VALLEY OF THE MIMBRES EIVEK — AGUA CALIENTE* 



VALLEY OF THE MIMBKES RIVER. 

The Mimbres river lies in a depression or fault in tlie strata, which, have been upraised imme- 
diately east of the stream, and which forms the elevated, rolling plain lying between the river 
and the Pichaco de los Mimbres. Where the trail crosses the river, on its left bank, are several 
low mounded hills with their bluffs to the west, and two rugged masses of porphyritic trachyte 
rock. Higher up the stream to the east these rugged hills with porphyry dykes are more 
abundant, and form, with the sedimentary rocks upheaved, the oak covered hills, in which the 
Mimbres has its rise. On the right bank of the river is spread out a great exposure of whitish 
and red sandstone, broken through by porphyritic amygdaloid, which latter is scattered over 
the surface. North of this, and separated by an interval of 20 miles of rising and rolling 
ground, lie the Copper Mine mountains. To the north and west is a wide and open plain, whose 
long axis is northwest and southeast, reaching to the Burro mountains, south of which lies the 
undulating, rough prairie, leading to Ojo de la Vacca and Ojo de Inez. This portion of the region 
is covered superficially by the white and red sandstone, already described, near Ojo de la 
Vacca.— (Plate XIII, fig. 3, illustrates the structure, and fig. 2 gives a section of the river bank.) 

Between these two points, the Mimbres and the Ojo de la Vacca, and close to the trail leading 
from the former to the Copper Mines is that remarkable warm spring known as ^' Agua Caliente ;'' 
it lies about five miles from the river, and its position is easily found from the fact of a single 
cotton- wood tree growing beside it ; as there are no trees for some miles around, it is easily 
recognized. A few osiers are scattered around the margin of the springs, which lie in a narrow 
valley. Where the springs issue out is a mound or bank of tufaceous deposit, formed by the 
overflow of the waters of the spring at some former time, previous to the side channels being 
formed. This mound is 20 feet above the valley level, and 2^ feet above the level of the 
water in the spring, showing that the spring, by the deposit of carbonate of lime from its waters 
has formed a basin wall for itself, and allowed its level to be raised above the surrounding valley. 
This calcareous basin is 25 feet across, and does not show bottom, except round the edges, 
which are rocky ; a twelve foot pole thrust in toward the middle did not find bottom. The tem- 
perature of the spring was 130*^ Fah. at the surface, and was very painful to the fingers when 
immersed more than a minute or two. Loosely attached to the sides and floating in the water 
were thick, fleshy confervae, green above and red on the under surface. From one point below, 
bubbles of gas rose in great abundance ; some of these collected in a tin vessel were without sul- 
phurous odor ; the gas extinguished a taper and did not inflame, and was therefore carbonic acid. 

Since this basin was formed, four small channels have been bored through the tufa wall, and 
open out a few yards down on each side of the main spring. Through these rolls out the 
water some paces down into little reservoirs, resembling artificial baths ; to the inaccurate 
observer these might appear to be distinct springs, but close observation will show they are 
derived from the central spring. In these little channels the water does not attain the same, 
height of temperature. They read 108°, 110°, 115°, and 120°, respectively, in proportion as 
their channels of communication through the tufaceous deposit is more or less long, A large 
body of water flows off from this spring, and were it situated within the limits of civilization, 
it might be made available for medical or economic uses. 

The water is agreeable to the taste.* 

*It is to be regretted that a bottle of this water, filled on the spot, was broken, after having been carried several weeks, ?o 
that its exact constitution cannot be determined. However, at the close of six weeks, this water had preserved its transparency, 
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There is no other thermal spring known in this locality ; to the east, several cold springs 
ooze out, and run a few yards down the valley, forming collections of carrizo or tule, the only 
vegetable growth in this region of barrenness. Notwithstanding the disturbed character of the 
region around, there is nothing to justify the conclusion that there is at the present time any 
volcanic forces in action ; nor can this spring be supposed to be caused by any such existing 
force. The presence of an excess of carbonate of lime may have been obtained by the spring 
passing through the strata of carboniferous limestone, which may be presumed to underlie the 
sandstones of the surface ; if this be so, the temperature should then be due to the depth from 
which the water has arisen to reach the surface ; the temperature of the water, however, is an 
argument against the latter, as it is W° above the ordinary temperature, which would be 
equivalent to a depth of 3,780 feet below the surface. 

Northeast of ^'Agua Caliente," between it and the river, is an upheaval of felspathic porphyry, 
which has carried up the sandstone strata on each side, which dip northeast and southwest. 
The upheaval itself presents the appearance of a battery or fortification presenting its semi- 
circular point to the south. At some distance from this upheaval immense blocks and loose 
masses of sandstone rock lie heaped together in the most grotesque forms ; some of them consist 
of several masses, one piled on another, and in some instances nicely balanced and ready to 
topple; seen from a distance, in this highly refracting atmosphere, now they resemble trees, and 
now men ; least of all would they be taken for really what they are, disintegrated sandstones. 
They are now known as the Griants of the Mimbres. The wearing away of these grits, whitish 
and yellow sandstone, such as are described near Ojo de la Vacca and the Mimbres, show what 
a loose texture these rocks have ; every heavy shower denudes them to some extent, and after 
some years they have no longer the same appearance or outline which they formerly showed. 

From the Eio Mimbres to the extremity of the Picacho de los Mimbres is ten miles, and thence 
to Cook's spring, eight miles, the trail passes at the southern point of the hill; the intervening 
country is rolling land, not broken through by any extensive outcrop of volcanic rock ; a 
natural section afforded by the Mimbres at the point where the trail from camp, August 10th, 
passes east to the Picacho, showed the porphyritic masses, forming the low rugged hills on the 
east of camp ; and upheaved by these, and exposed to view by the wearing of the edge of the 
river valley, were the red and white sandstones and grits, already described at Ojo de la Vacca. 
These sandstones were exposed about a half mile south of the erupted hills, and dipped away 
from them south 12° east at an angle not exceeding 12°. 

The rock nearest to the volcanic mass, and situated lowest down, was the red sandstone, with 
30 feet exposed. Above it was the whitish grit, 50 feet exposed ; and some few yards further 
south, another smBllhutte was composed of the whitish yellow sandstones, dipping south at a 
small angle. 

The Picacho de los Mimbres forms a very prominent landmark, both from its height and 
irregular conical form ; it is 2,500 feet above the plain, about ten miles long, and stands uncon- 
nected with any other range, and is distinctly visible from the summits of the Organ mountains 
on clear days. It has an axis of reddish granite and syenitic rock. The felspar is red in 

and no ochveous or mucilaginous deposit had taken place. It was faintly acid to litmus in the spring; from these properties 
it may be inferred that the water was not of a mineral character, the acidity being due to the carbonic acid, partly dissolved' 
and escaped. In Mr. Bartlett's " Personal Narrative," when noticing this spring, the gas is stated to be nitrogen ; this is a mistake. 
The water is highly charged with carbonate of lime, held suspended by excess of carbonic acid gas ; at the high temperature 
of the fluid when reaching the surface, the latter is thrown off in bubbles, and the carbonate of lime no longer held in solution 
is thrown down, to form the sides of the basin. T. A. 
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158 GEOLOGY OF THE PICACHO OF THE MIMBRES. 

both species of rock, and in the syenite the pyroxene mineral is in the form of slender crystals 
of actynolite. This constitutes the main mass of the mountain, whose line of trend is north 
10^ east and south 10° west. These syenites are cut through by felspathic dykes and broad 
veins or dykes of greenstone. This granite axis carries up with it the sandstone strata ; the 
uppermost beds of which, the yellow sandstone, is found inclined on the west side at an angle of 
20°, while up on the eastern slope of the Picacho the dip is 40° and 45^'. The felspar porphyry 
dykes, which appear mostly on the west side of the mountain, run nearly north and south, and 
thus cross the geographical axis. Loose fragments of this mineral are found on the mesa 
forming the south end of the hill. About 200 yards east of the south end of the hill the trail 
crosses a dyke of greenstone, running northeast and southwest, about forty feet wide, accompa- 
nied by porphyritic felspar. This dyke can be traced northwest into the mountain, up its sides, 
and almost to the summit ; it is not vertical, but appears to take the slope of the sandstone 
strata, which it covers up, and does not apparently cut across. Southward this augitic dyke 
can be traced to the Sierra Florida, into which it enters. The eastern flanks of the Picacho are 
of the red and yellow sandstones and white grit, which appears to be repeated several times by 
the elevation of the porphyry dykes, which, in conjunction with greenstone, cut up the small 
hills through which the trail approaches Oook^s spring,*— (See plate XIII, fig. 4.) 
There are two or three points of interest connected with the Picacho : 

1st. Its trend is different from any of those further west, which generally varied between 
north 45° and north 60° west, while the Picacho runs east of north. 

The trail does not travel south of the whole mass of mountain, but takes advantage of a 
depression in the hill immediately south of its highest point ; there a canon leads by a slight 
ascent, but tortuous course, across the mountain to Cook's spring. 

From the time the Mimbres river was left, fertility may also be said to have disappeared ; the 
fine grass found on the mesa and left bank of the river gradually thinned out, until a sandy, 
barren trail formed the rest of the route to the Picacho ; for 10 miles nothing was seen but 
fouquieria, palmetto, and larrea. In the canon, near the spring, good grass, cedar, and walnut 
trees again appeared, but at the spring itself there was no timber. Osier, three feet high, and 
bunch grass of a coarse kind, were the only vegetation. 

2d. In the appearance of a distinct granite rock, a rock containing mica in small quantity, 
and syenitic rock ; generally speaking, felspathic rock of the varieties of leptynite and perlite 
have constituted the hypogenic axis. 

3d. In the greenstone dykes. Trappean and basaltic dykes and overflows have been de- 
described as forming a large portion of the district along the Grila. East of the Picacho, these 
volcanic rocks again make their appearance ; there is nothing new, therefore, in the appearance 
of this broad dyke, nor hardly anything surprising in observing the geological connection be- 
tween the Picacho and the Sierra Florida ; but it may be remarked of the dyke, that, in tracing 
its course up the Picacho, it may be observed running between and separating the sandstones, 
and metamorphosing them into reddish quartz rock; it has merely insinuated itself between the 
strata, and has not upheaved them. The upheaval was produced by the granitoid axis, (syenitic 
rock,) and this upheaval was anterior to the intrusion of the greenstone dyke, for the latter 
preserves its direction unaltered, whether in the mountain or on the plain ; it is therefore pos- 
terior in occurrence to the upheaval of the Picacho. 

-- Underneath the sandstone, and immediately in contact with the igneous rock, lies the blue limestone, reposing at an 
angle of 280. 
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Cook's spring lies at the fooiof the Picacho, on its east slope, between a series of porphyritic 
and trachyte dykes ; a hundred yards northwest of the spring is a seam of porphyritic amyg- 
daloid rock, running north and south. The cavities were filled with small nodules of chalce- 
dony. The dykes here run north 12° west, which is the direction of the valley east of the 
mountain. 

The spring lies in a small plain, and is a pool of sulphureous saline water 40 feet wide, 
which rolls down a short distance before being lost. A reddish quartz rock is abundant, 
cropping out in the canon approaching the spring, and in the neighborhood of the latter. It is 
highly probable that this is nothing more than the red sandstone metamorphosed by the 
igneous action of the porphyries. 

A valley, 15 miles wide, lies east of Cook's spring, in which no exposure of rock appeared ; 
it slopes gently to the south ; then commenced a broken ascending country, very rocky, made 
up of reddish porphyry, amygdaloid protrusions, and basaltic overflows. This country, a Jor- 
nada from Cook's spring to the Kio Grande, is generally travelled over without stopping, so as 
to reach water, but is generally, nevertheless^ travelled slowly on account of the rugged charac- 
ter of the road. A succession of hills in parallel rows, connecting by canons, constitute its 
chief topography ; it is a more elevated district, being 900 feet above the Kio Grande level ; it 
occupies a breadth of 20 miles from the plain east of the Picacho to Monument Hill, which 
itself is a trachyte mass, and forms the eastern margin of this disturbed country. Looking 
from the west, this region presents a long line of trappean hills, conical porphyry, and 
trachyte pyramids toward the north, raised from 600 to 1,000 feet above the plain, and extend- 
ing from north to south 50 miles ; in the latter direction it sinks into the plain, which becomes 
more elevated. — (A section is given on plate XIY, fig. 1.) 

East of Monument Hill the plain slopes down to the Eio Bravo, and presents long undula- 
tions dipping west. Approaching the valley bottom this plain is found to be an elevated mesa, 
from 150 to 300 feet above the river, which is descended through small canons formed by 
the degradation of the strata, which here crop out at the blufis. The strata dip west, and are 
of a similar character to those described — white, yellow, and red sandstones. The rapid disin- 
tegration of these produces the large amount of red sand which is found on the trail descending 
into the bottom, and the heaps of white quartz sand which there, as well as lower down, form 
in depots in particular parts of the valley. The town of Mesilla is built upon one of these. 

The upper sandstone beds of this mesa land are highly gypseous — both crystals of selenite 
and fibrous gypsum being found abundantly. 

The lower portion of the descent was over detritus, which is probably from 60 to 100 feet 
thick here on both sides of the river, derived from the denudation and decay of the strata 
exposed, being, therefore, composed of gypseous, arenaceous, felspathic, porphyritic, and 
trappean pebbles. 

The trail from Monument Hill to Mesilla is over a country unbroken by any porphyry or 
lava intrusion, and but one elevation appears to diversify its surface ; this is a conical hill 
about 800 feet high, opposite the town of Dona Ana, called the Picacho. This is an upheave 
of compact quartz and trachyte porphyry, which is connected with the hills to the north and 
. on the opposite side of the river. The gypseous sandstones are well exposed at this Picacho 
and north of it. Carbonate of copper occurs in small quantity in these hills. 

The basaltic overflow, which upraises the belt of country between Cook's spring and the 
river so many hundred feet above the level of the Mimbres and Eio Bravo, is about 12 or 15 
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miles wide. In its upheaval it lias elevated the sedimentary beds in opposite directions, so as 
to form a synclinal axis, running north and south, the strata dipping east and west toward the 
middle of the disturbed region. Tracing this overflow northward, it does not appear to cross 
the river, but turns northwest toward the Copper Mines and the Burro mountains, lying 
directly north of the axis, where the trail crosses an elevated plain which stretches far to 
the northeast, north of the Picacho and northwestward from Dona Ana. 

The rolling country between this trappean overflow and the river is due to the same trappean 
disturbances ; and the present Mesilla valley and the bed of the Eio Bravo at that locality prob- 
ably lie in the angle of a fault produced by such dislocation. 

This rupture of the sedimentary crust and the dislocation of the strata dividing the latter 
into so many minor areas, bounded by trappean dykes and overflows, renders the district 
unprofitable as a means for obtaining water from deep sources, inasmuch as each minor district 
is thus fed only by the fall of water on its own area ; in other words, artesian well borings are 
not likely to be successful in their result. 

Mesilla valley. — The valley bottom, through which the Eio Grande roUs^ is made up of 
alluvium and the finer detritus of the upper country, and varies in breadth from less than two 
miles in a few places, to nearly six. Through this the river meanders in a serpentine and 
not always constant channel, changing its banks so as to encroach yearly some feet occasionally 
on either side, and carrying suspended a large quantity of mud of a fine reddish tint, derived 
from the reddish sandstone and fine felspathic clays. After freshets, the waters of the Puerco 
and G-alisteo carry down large amounts of mere silicious matters, which are sometimes strewed 
by overflow upon the lower and fertile bottoms of the valley to the injury of its productiveness; 
the variability of the force of the current and the body of water carried down leads to a con- 
tinual shifting of the bed of the river, rendering the fording of the river unsafe, except at points 
which are rarely the same in different years. 

The mesas on the east side of the Mesilla valley are chiefly covered over by this detritus, 
which overlays the whole surface within a mile of the river bottom ; further back the super- 
ficial matters are derived from the decay of the underlying strata^ and affords soils having but 
little clay, and either yellowish or reddish as the subjacent sandstone is white or reddish. 

These soils lie at the base of the mountains, and for five or six miles toward the river ; it then 
becomes more argillaceous and calcareous, until the thick bed of detritus alluded to, in forming 
the river bed, is reached. 

These deposits are cut through by arroyo beds, and toward the north of the valley expose a 
layer of greenish sand with silicified wood, belonging to the cretaceous period. 

The soil of the valley everywhere is porous, and saturated with the waters of theriver^ which 
give it thus a remarkable fertility. Cotton-wood is the only timber on the bottom, but it is 
much used even in the simple architecture of the towns ; abundant crops of grass and roots, 
grapes, quinces, peaches, melons, and (other) garden vines. The fields are generally without 
fences^ and watered by the sequias led from the river higher up. The soil is a light sandy 
clay, containing an evident quantity of carbonate of lime. The valley preserves the same 
fertility and general appearance from Dona Ana down to El Paso. 
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GEOLOGY OF THE ORGAN MOUNTAmS. 

The Organ mountains lie about 14 miles east of the Mesilla valley, and have a granitoid 
axis, the direction of which is north 12° west. 

The range may be about 100 miles long, running over two degrees of latitude ; it drops down 
to the northward, where it forms the hills which lie on the east side of the Jornada del Muerto; 
there the axis is not apparent, but on the slope of the Pass San Augustine quartzose felspathic 
rock is found, and from there to the summit syenite, having slender crystals of hornblende and 
reddish felspar. This syenitic rock crosses the range and appears on the east side of the moun- 
tains, further south ; on the east foot slope felspathic rock again occurs. But the great mass 
of the hills are made up of a felspar porphyry, somewhat resembling leptinite, the quartz being 
white and sometimes crystalline^ in a pale flesh-colored felspar ; the summits wear irregularly, 
and present the lofty broad pointed spires which have given them their name, from the fancied 
resemblance to a Spanish organ. From its structure it appears to be a very modern granitic rock. 

A large mass of augitic trap lies on the west side of this porphyritic felspar, and appears to 
have come up through it. This dyke lies about three miles north of the Soldado caiion ; 
thence, southwards, flesh-colored porphyry is the chief axial rock. 

East of Fort Filmore the chain falls down into a range of much lesser height, the hills being 
made up rather of the elevated sandstones and sedimentary rocks than of the igneous axis. 
Such are the Chinaman's Cap and a few other peaks visible in travelling down the river. These 
low hills continue to El Paso, where they cross over to the right bank. The lofty portions of 
the range are found bordering the Mesilla valley. 

Immediately in contact with these igneous rocks is a dark blue limestone, similar in character 
with that described as the carboniferous limestone of Chiricahui and further west. * Near the 
Pass San Augustine it flanks the axis for 600 feet of elevation, with a dip of 30° to the west a 
few degrees south ; here is a large vein of argentiferous galena, which is worked by Mr. Steven- 
son, and smelted in his furnace, near Las Cruces, on the river side. 

Further south of the pass, along the range, this limestone forms the small hills on the west 
side, the dip gradually decreasing the further south these strata are examined. East of Las 
Cruces is a low rounded hill, standing isolated in the plain, about 500 feet high ; it is of car- 
boniferous limestone. Between this hill and the base of the Organ mountains no other eleva- 
tion of rock occurs. 

At the western debouche of the Soldado canon a yellow grit appears, dipping west ; further 
up the canon the limestone is seen underlying it. In this sandstone is a vein of galena, which 
was worked some years back merely for its lead ; it was not reported as argentiferous. Smelt- 
ing works were erected close by the mine by Signer Barilla, who opened the vein ; a small 
stream of water close by furnished the means of washing the ore."^ 

From the extreme red tint of the soil at the western base of the hills it would appear to be 
underlaid by reddish sandstone. The rock itself, however, was not observed in situ at this place. 

On the east side of the Organ mountains the igneous axis is more exposed^ the secondary 
strata not reaching by several hundred feet as high as on the west flank, and have a slope not 
exceeding fifteen degrees ; on this account the strata are not so well exposed as on the west 
flank. The surface rock is a gypsiferous sandstone, contains veins and deposits of crystalline 

^ These works were of adobe, as are Mr. Stevenson's. I was not able to visit the old mine at Soldado canon, owing to 
s everal lodges of Apaches being encamped there at the time of my visit. T. A. 
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gypsum, which in some places had been formerly worked by the Spanish settlers. This rock, 
probably of the upper trias, rests conformably upon the carboniferous limestone and forms low 
mesas, at the foot of which the trail to Salt lake travels. 

Huge boulders and drift cover up the mesas, and deep ravines worn by the arroyo show 
the occasional intensity of moving water. The first mesa Covered with these rocks derived from 
the range, imbedded in a reddish soil, extends about two miles from the base of the mountain. 
Then a second slope descends to the level of the wide plain, which reaches to the Sacramento 
mountains.— (Plate XIV, fig. 2, exhibits this section.) 

A vein of white magnesian (talcose) rock is visible, cutting the porphyritic felspar rock 
through from the summit of the mountainfto the eastern base, at an angle of 55°, and about 
20 feet in thickness. In the vicinity of this is an old gypsum quarry, said to have been worked 
by the Spanish early settlers. ^ 

In the axial granitic rock mica is very sparingly distributed, and over large areas' wholly 
wanting, only two ingredients, the quartz and felspar, being present; occasionally a few plates of 
talc occur, the mass in some places resembling protogine, and in others leptinite. It is scarcely 
a granitic rock, of which there is no true example in the Organ mountain range. The term 
felspar porphyry has^ therefore, been used to express this species of rock ; brownish grey masses, 
resembling gneissose fragments, are found included, and veins of argentiferous^ galena cut 
through this rock ; one of these, on the east side of the mountain, about three miles south of 
Pass San Augustine, has been explored to the depth of nine feet, the vein winding from a half 
inch, at the surface, to four inches; its direction is nearly S.E. and*N.W., almost vertical,^ 
with an inclination of 10° eastward.''' 

The galena vein is, in all probability, the same wfeich is found on the west side of the pass, 

further north, in which Mr. Stevenson's mine is, and which has thinned out in this igneous rock. 

The Jornada del Muerto is a valley of elevation ; examining it at Dona Ana, its southern 

outlet, it is found to iorm a synclinal axis of sedimentary rocks, lying west of the syenitic and 

felspathic basin, constituting the axis of the Organ mountain range. 

The hills north of Dona Ana, which form the eastern boundary of the Jornada, lie close to 
the Eio Bravo, and have the axis upon the east side of the range ; approaching the summit, 
the carboniferous limestone is met with, not fully exposed; then, overlying the limestone, there 
is a thin bed of black shale, not more than 50 feet thick ; then whitish grit, and above all, 
forming the summits of the range, reddish sandstone, at least 1,200 feet high. These dip at an 
angle approaching 20° westward, and, after sinking under the plain of the Jornada, rise on 
the opposite sides to form a short chain which skirts the Eio Grande northward, the summits 
of which are 2,400 feet, and appear to be made up almost wholly of carboniferous limestone. 
The sandstones which form the summits of the western range do not appear to rise up on the 
Dona Ana range^ but, like as in the Organ mountains, form the substratum at the base of the 
hills. A section of the Jornada is given on Plate XIV, fig. 2. 

The thickness of the whitish grit on the western range #as 130 feet, and the red sandstone 
might have been 300 feet ; it was much disintegrated. 

The carboniferous bed could be better estimated on the eastern side of the Jornada, where it 
appeared to be from 1,000 to 1,200 feet on the Organ mountains. It showed a greater thick- 
ness north of San Augustine Pass than at any point where I have seen it. 
A review of the structure of this range is given on page 166. 

^ Those gneissoid fragments are very different from true gneiss, and from the masses found included in the Cordilleras 
near Vallecitas ; they ar«, perhaps, segregated masses of granitic mineral nucleating the hornblende or micaceous elements 
collecting in isolated patche • 
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CHAPTEE XXIII. 

OF THE MOTJNTAUM SYSTEMS. 

Remarks upon. — Pinalneo mountains, parallel ranges — Geographical extent. — Classification of the strata. — Igneous 

ROCKS .:x-AgB OF THE RANGE. — MOGOLLON MOUNTAINS. — INTERVAL BETWEEN IT AND THE FORMER RANGE. — GeOLOGY OP. — IgNEOUS 
axis, importance of. — Op the lesser ranges and IESOLATED^ILLS between THE SAN PEDRO RIVER AND THE COLORADO DESERT. — 

Organ mountains, extent, direction, axis. — Stratified rocks op. — Carboniferous limestone. — Minerals of. — East side op 

THE RANGE. — JoRNADA DEL MUERTO. — RELATIVE AGES OP THE IGNEOUS ROCKS OF THE SYSTEM. — Op THE SANDSTONES WEST OF THE 
organ MOUNTAINS. 

Since observation in JJurope "has shown that the direction of the upheaval of mountain 
systems is a key to ascertain the epoch of their elevation^ it becomes a duty in explorations upon 
this continent to try how far observations upon American mountain chains may afford the clue 
to their relative antiquity ; but little, as yet, has been done here in this field. M. E. De Beau- 
mont, who has applied the observations so successfully to France and Mediterranean Europe, 
having develojped by his observations over 30 systems of elevation of different antiquity, has 
himself classed the Alleghany mountains in the systems of the Balloiis of France, his second 
oldest system; and the ranges at Keewenau and Cape Blomidon are*classed with that of Morban, 
in France, the fifth series of elevations. Other analogies are not yet admitted. Without 
endeavoring to ally the ranges of this country with those of Europe, and strive to form parallels 
where the resemblance is but remote, it may be useful, notwithstanding, to place by themselves 
the observations and generalizations made upon mountain ranges, and from the material form a 
system of continental elevations. 

Throughout New Mexico the direction of the ranges are north and south. Those to the east, 
on the elevated plateau, running only a few degrees west of north, and those to the west 
diverging N. 45^ W. to N. 60^ W. 

Those which are more conformable to the meridian are generally longer chains, while those 
running N.W. and W.N.W. become isolated ranges, or a chain of unconnected hills, which, 
however persistent in their linear direction, may yet be travelled round, owing to their isolated 
position. The Mogollon mountains are the only known exception to this rule. There are no 
ranges in the territory running east and west. 

The hills crossed on the route were the ranges at the canons of the Q-ila and at the mouth of 
the San Pedro river; these have been called here the Pinaleno mountains. East of these 
are the foot hills and outliers of the Mogollon mountains, and west of the Pimas villages are 
the Estrella hills and some isolated ranges of small importance. East of the Eio Grrande lie 
the long chain of the Organ mountains. These will be considered in the order enumerated. 

PINALENO SYSTEM. 

The Santa Catarina mountain, the Sierra Calitro and the Pinaleno hills may all be classed 
together as one mountain system, as well from their proximity as their geological constitution. 
These ranges occupy a large portion of southern New Mexico and of the newly acquired territory 
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south of the Gila, commencing in longitude 112° west and extending to 110°, and running 
obliquely north and south from latitude 31° 40^ to 33° 40' N. 

The Salinas river skirts around the northern border. The Grila river canons across the whole 
series of ranges, on parallel 33°, and the San Pedro runs between the two western ranges from 
south to north. The three ranges run parallel during their entire course, preserving a pretty 
uniform direction of N. 45° W. and S. 45° B. The granitic axis lies to the west, constituting 
the Santa Catarina mountains. Basalt outpourings are on its eastern and western flanks, and 
on the eastern slopes are immense overflows of trachyte and porphyry, which have not only 
perforated and intermingled with the granite rock, but by forming rents and fissures and 
injecting fluid mineral into the sandstone rock has metamorphosed it completely. An analysis 
of the trachyte of this range is given in the chapter on chemical analysis. The rock was reddish 
felspathic rock, with crystals of quartz disseminated throughout. 

The same trachyte is found extensively in the Sierra Calitro, but the great mass of this latter 
range consists of the secondary rock upheaved ; Devonian sandstones and conglomerates, 
resembling in lithological character the Caatskill sandstones, with metamorphic quartz, consti- 
tute the lower portions of the mountain, which has a thick stratum of limestone capping the 
Devonian rock. Trachyte and amygdaloid rock are injected in some places, and forms capping 
and intruded beds in others. 

The general dip of the strata of these hills is to the east, or rather east 12° south ; but they 
are broken, and dip variously in places. The sandstones are very thick, and are in contact 
with primary rock, either granitic, lamellar, feldspar, or trachyte. 

The Pinaleno range (properly called) forms the third and the most easterly of the system. 
This range is the loftiest and the most important of the three ; in it lie Mounts Turnbull and 
Graham, Chiricahui mountains, and the Guadalupe range ; the two latter are locally uncon- 
nected with the northern range, but thej lie in the same trend, and have the same structure, 
and are, therefore, geologically one. The whole range has a central granitic axis of great 
breadth, (ten to twelve miles,) upon which lie conformably the* Devonian and lower car- 
boniferous rocks. The same sandstones and limestones which were seen on Calitro are here, 
the sandstones less displayed, the limestones more perfectly. Of the age of this last rock there 
could be no doubt, from the productus and encrinal stems so extensively distributed ; it is very 
argillaceous in composition and highly metamorphic, passing into a fine saccharine marble in 
places. Trappean and serpentine rocks are found in this range, the latter being auriferous. 

As the cretaceous strata of the San Pedro valley lie unconformably between two ranges of this 
system, it appears that the whole was elevated anterior to the cretaceous period. There are no 
rocks of the later carboniferous period founds nor do the sandstones of the Permian epoch, which 
are found east, appear in this range. Such may exist on the lower slopes of Chiricahui, hidden, 
perhaps, by the clays and gravel, in which case their elevation would not date further back than 
the Jurassic period. Since their elevation and the deposition of the unconformable cretaceous 
beds the whole western portion of the system was subjected to the action of a heavy current, de- 
positing the conglomerates, which are found in the south of the San Pedro valley, from 80 to 
130 feet thick, a deposit which is not found further east, but to the west may be traced to the 
very slopes of the Cordilleras, and occupying the sides of every hill of any elevation in the 
intervening space. 

Limestone, serpentine, and porphyries are the chief rocks of the eastern range, and granite 
and sandstones of the west. The minerals are few — marble in Chiricahui, and gold in the ser- 
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pentine of that range, and in the conglomerates of the Calitro and Santa Catarina. Veins of 
argentiferous lead ore might, if looked for, be found in Chiricahui, since it exists in the same 
rock east. 

During the series of elevations which finally uplifted this entire range to its present altitude, 
the upheaving force must have been exerted even upon the southern portion of the range, 
raising the table land of northern Sonora and Chiricahui to so great a height. This strain may 
have produced a fissure from east to west, or cracked, and perhaps depressed, the strata along 
parallel 33^, and thus enabled the Gila to take that as its permanent course. Some such catas- 
trophe must have occurred ; for it is scarcely probable that the river, unaided, could have cut 
through such lofty hills and hard rock as it appears to have done in its passage through these 
mountains, running, as it does, at right angles to the strike of the ranges. 

The valley east of the San Francisco river separates the Pinaleno mountains from the western 
ranges of the MogoUon and Sierra Blanca hills. The table land on which these ranges are 
placed varies from 3,000 to 4,000 feet, and the summits of the highest hills reach 6,000 and 
6,400 feet above the sea level. Mount Graham is the loftiest mountain in the entire system. 

MOGOLLON SYSTEM. 

The MogoUon mountains lie north of the Gila river, and east of the San Francisco, one of its 
tributaries. In this region, by many heads, the Gila rises, and from it it derives five-sixths of 
its whole volume of water. They are a lofty series of mountain ranges, between 108° and 110° 
west longitude, and 33° and 35° north latitude, lying north and east of the Pinaleno moun- 
tains, with which they have been confounded. But the diiferent trend of the ranges show that 
these two series of mountains are distinct from each other, the dividing line of which upon the 
Gila is between the rivers San Carlos and San Francisco. The Pinaleno ranges run more 
north and south, never exceeding N. 45° W, while the MogoUon ranges run more east and 
west, and have an average trend of N. 65° W. and S. 65° E., or nearly twenty degrees more 
east and west than the former range.* 

Little of the country embraced within these limits is known to white men ; it is the country 
of the Gila Apaches, where they have their strongholds and their lands of cultivation. 

The Sierra Blanca range, which lies the most eastward, is very lofty, and, viewed from the 
north, appears to have an east and west strike. 

The rocks which enter into the composition of this great mass of mountain, are whitish 
felspar granite, and amphibolic granite, metamorphic quartz, old red sandstone, and, according 
to Mr. Marcou, magnesian grits of the carboniferous system, magnesian limestone, and trias 
beds. 

They are a very lofty range of mountains, reaching to an elevation of 10,000 feet in many of 
their summits. Snow is seen upon these for many months of the year, the meltings of which 
give rise to the Gila, and form the Salinas, which joins the Gila lower down. 

I'he snow-capped region, thus yielding water during the summer months, is the cause of the 
fertility of the mountain vallies in the range, producing fine grass and corn to the Indians. 

The ranges of hills which lie between the Santa Catarina range and Fort Yuma, and round 
.which the Gila travels in its course westward, are of lesser importance than those enumerated. 
With the exception of the Sierra Estrella west of the Pimas plains, and east of the Jornada, 

^- Mr. Marcou, in his geological chart and sketch, (report to the Geological Society of France,) describes the MogoUon 
mountains as extending from longitude 108^ to 114o W., and throughout having a dip of N. 60° W. This is erroneous ; 
it makes the MogoUon mountains occupy a district much larger than it actually does. 
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they are all lone hills, lying northwest and southeast, or nearly so, and have a trachyte or 
porphyry base, with metamorphic quartz and conglomerate lying conformably upon them. 
These strata dip southwest at a small angle, and in places vary from 100 to 300 feet thick. 
The conglomerate is in places a solid, coherent rock, while in others it is almost a loose gravel. 
This incoherent bed is usually horizontal, or nearly so, upon the igneous Tock. Much of the 
Sonora desert, in its north extremity, has its surface of this stratum, and may, in part, owe its 
sterility to this loose and porous bed. 

On Big Horn mountains it is solid, and resembles, lithologically, the conglomerate on the 
east slope of the Cordilleras, which is admitted to be tertiary; if so, these are most probably 
tertiary ; but as no opportunity presented of comparing them with any well known contiguous 
beds, I have hesitated to assign them any other name or place than that of desert conglomerates. 
Should these be classed as tertiaries, there would then be presented a curious fact, the absence 
of palaeozoic strata from the Sierra Santa Catarina to the Sierra Nevada or the Cordilleras. 

This deep valley trough, where examined, shows gravels and tertiary stratified beds lying 
unconformably to the granite rock, with which they are in contact, but possessing no formation 
of earlier date than the Eocene period. 

This holds good along the travelled route over the Colorado desert and along the lower por- 
tion of the Gila, where the granites are upheaved every twenty miles, intruded by trachytes and 
lavas, without any secondary rock until the Devonian sandstones of the Calitro hills are reached. 
In the Mojave valley, however, a mass of metamorphic limestone was met with upraised by a 
porphyry protrusion. The calcareous rock was probably of secondary formation. 

Many of the lesser hill ranges just adverted to pass north of the Gila, and continue their 
northwest course until they reach the Colorado or the Santa Maria, cutting up that otherwise 
plane and desert country by a series of isolated ridges similar to those on the Sonora desert to 
the south. 

GEOLOGY OF THE ORGAN MOUNTAINS. 

Reviewing the structure of the Organ mountain range and the valley of Mesilla, it appears 
that the central axis is of felspathic and syenitic rock, cut through by trap and porphyritic 
felspar, and that the earliest sedimentary rocks found are the limestone and grits of the coal 
period. The limestone, full of encrinital casts, with a few moulds of productus and posidonomya, 
lies in immediate contact with the syenitic rock, and conformable to it. 

On the Mesilla valley side of the Organ mountains, the order and thickness of the beds met 
with are : 

Syenite and porphyry (leptinite.) 
Limestone, 1,000-1,200 feet. 

Yellowish s^rit, ) t n i i 

-P» , T, sin valley — covered by cretaceous sand and alluvium. 

lied sandstone, ) 

On the other side of the basin, at Dona Ana, there is met : 

Porphyry and leptinite. 

Limestone, 1,600 feet. 

Black shale^ 50 feet. 

Yellow white grit, 130 feet. 

Reddish sandstone, 300 feet. 

The black shale found on the Dona Ana range was not observed at the Organ mountains ; as 

the limestone was the only rock elevated above the plain, it is probable the shale was covered 
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up. Small masses of coal have been observed in tbe arroyo beds leading from the range, and 
have been tried in fires at Fort Fillmore, and are said to burn well, although ashy. This has led 
to the belief that a coal seam exists in the range. I have examined the shale beds without 
being able to find any seam or any specimen of plant impressions ; from which failure, as well 
as the thinness of the shale, it is scarcely likely that a productive coal seam exists there. 

The proximity of the Mesilla Picacho (although on the opposite side of the river) to this 
range, which is chiefly a trachyte and porphyritic upheaval, leads to the belief that it is con- 
nected with it^ and is the southern continuation of the range ; however this may be, there is at 
the river bed a great dislocation of the strata, raising the red and white sandstones of the 
right bank of the river two or three hundred feet above the level of those on the left bank. 
The river appears to have taken this angle of depression as the most suitable for its bed, and 
follows this line for thirty-five miles south, until the Organ mountain range touches at the El 
Paso^ and constitutes the pass through which the river drops, forming rapids having a descent 
of twelve feet in one-half mile, advantage of which Mr. 8. Hart has taken to establish a grist 
mill, whose prime mover is a turbine. The rock over which the rapids flow is the limestone, 
which towers on each side of the river in hills nearly 1,500 feet high. — (See Plate XIV, fig. 3.) 

It is in this limestone that the vein of argentiferous galena already alluded to occurs ; the 
gangue stone investing it is quartz, with sulphate of barytes and the associated minerals, 
phosphate and carbonate of lead, with some sulphuret of copper. The ore is described and its 
value estimated in the chapter on Chemical Analysis. 

OP THE STRUOTUKB AND AGE OP THE IGNEOUS ROCKS IN THE VICINITY OP 

THE MESILLA VALLEY. 

Within a breadth of twenty-five miles there are three distinct species of igneous rocks, viz : 

1st. The granitoid rocks of the Organ mountains. 

.2d. The porphyritic rocks of the Dona Ana, the Picacho, and the Monument Hill. 

3d. The trappean and basaltic lavas of the belt west of the Monument Hill. 

The granitoid rocks are the syenite and leptinite, which compose three-fourths of the chain. 
This must be looked upon as the most ancient of the whole, although not an ancient rock. 

The porphyritic rocks are mostly trachytes, are destitute of hornblende or mica, and are 
mostly of reddish felspar, with minute glassy crystals of quartz. This variety of rock, very 
commonly found from the eastern edge of the Cordilleras, I have not seen east of the Sacra- 
mento mountains, Texas, though evidently in a much more viscous state when upraised than 
the granitic rock, yet they, with the exception of the Peloncillo hill trachytes, can scarcely 
be accounted a lava. 

The trappean rocks are distinct lavas ; much variety in the augitic basalts is met with, in 
respect to their physical condition, being found as compact trap, passing by various shades into 
cellular lava. Olivine is a constant constituent of all these trappean rocks in the central 
plateaus and their mountains. The wide vein of trap, in the Organ mountains, appears to 
have cut its way through the leptinite. The basalt of the plains west appears merely to have 
bent up, cracked, and forced through the strata, but not to have upheaved them. The upheaval 
appears to have been already affected by the porphyritic range of Dona Ana, which uplifted 
the Picacho. If this be correct, there are, probably, then, three distinct periods of disturbance 
in this district : 

1st. The elevation of the Organ mountains. 



Hosted by 



Google 



168 UNDETERMINED POSITION OF RED SANDSTONE. 

2d. The elevation of the Dona Ana range. 

3d. The trappean disturbance. 

The first and most ancient of these, the upheaval of the granites of the Organ mountains, 
and other chains, must have occurred posterior to the Triassic or Permian (or Serai, of Eogers,) 
period. Perhaps most of it occurred between then and- the cretaceous period, although, from 
the slight western slope of all cretaceous beds in this region, there was some further and final 
elevation since the latter deposit ; which final uplift may be, as stated further on, attributable to 
the trap overflows. 

The second, or the outpouring of the trachytes, occurred anterior to the third, as the latter, 
in many places, cuts through the red felspathic amygdaloid and trachyte. 

The third, the trappean elevation, occurred posterior to the cretaceous period, and anterior to 
the general deposit of the tertiary conglomerates and sandstones, which contain many pebbles 
of these volcanic rocks. 

AGE OF THE BED SANDSTONE WEST OF THE EIO GEANDE. 

I had at first classed the reddish sandstone found in the Mesilla valley, and west to the Eio 
Mimbres, as an^^upper member of the carboniferous formation. I did this with some hesitation, 
as, in lithological character, it differs considerably from the texture common to the sandstones 
of the coal measures. It is of a bright brick-red color, fine grain, and, to the careless eye, 
homogeneous in texture. Under the lens, earthy white spots are observed, intermingled, 
composed of rounded grains of vitreous and opaque quartz, with minute spots of a black mineral. 
The rock is porous, and, though not friable, easily comminuted. 

When pulverized and elutriated, the coarse parts examined by the lens exhibit the reddish 
fragments as angular, rough, felspathic particles ; the black minute specks are small portions of 
amphibole which are disseminated through the red felspar. The quartz fragments are rolled 
grains of quartz. 

The red particles, treated with hyrdocloric acid, partially dissolved, have the color removed, 
(produced by peroxide of iron,) leaving the insoluble residue chiefly consisting of amorphous, 
fine clay, (silicate of alumina.) 

There is no trace of carbonate of lime or magnesia in the sandstone. 

From its texture and chemical composition, it is a sandstone derived from the decomposition 
of the red, felspathic igneous rocks, which constitute the axis of the upheaved districts west of 
the Eio Grande ; a granitic porphyry rock, which is found extensively diffused in the canons of 
the Gila, at the mouths of the San Pedro, and along the sides of the Sierra Calitro and Mount 
Graham ranges, and to which allusion has already been made. 

On account of its conformability with the whitish grit, and the bed of shale at the Horse 
mountains, northeast of Doiia Ana, both of which it overlies conformably, it might be classed 
among the coal measures, looking upon the bed of shale as one of that series. The shale is 
dark colored and semi-bituminous, but nowhere could I observe any fragments of plant impres- 
sion to indicate their age. The bed of shale, which is here thin, I have not been able to trace 
to the west. Although the limestone can be found in the valley to the west of Ohiricahui moun- 
tains, and at the various exposures of it and of the white and red sandstones, at the Pichaco de 
los Mimbres, the Eio Mimbres, and at Ojo de la Vacca, I have nowhere seen the underlying 
shale ; it may be that the elevation of the grits is not sufficient to bring the shale into view. 

From its dissimilarity to the carboniferous grits, 1 incline to separate the red sandstone from 
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that series, and would class it with the posterior deposits— the psamerythic, the lower new red 
sandstone of English geologists, the roth-todt— liegende of Thuringia, the Gres rouge of the 
peneen bed of France, and from its composition ^^roches a psephitis/' by Cordier. 

The minerals associated with this rock on tnis latitude — gypsum and rock salt which efflor- 
esce on the degraded surface of the horizontal beds, refer it also to this place. 

Further north in the Territory, Mr. Marcou has met with similar rocks, and classed them 
along with the red clay rocks east of the Eio Grande, including the whole under the term Trias. 
I am inclined, however, to the opinion that this bed is older than the trias, and lithologically 
on parallel 32°, it certainly bears no resemblance to the sandstones of Texas, with the excep- 
tion of the bed of greenish ferruginous sand found between Dona Ana and the Horse mountains, 
already alluded to, lying unconformable to the elevated sandstones ; there were no strata of creta- 
ceous rocks exposed. This bed was observed by chance, while keeping up a dry creek bed to reach 
the hills at a favorable point. The creek had worn its way some 25 feet deep below the general 
level, exposing below the alluvial covering, which was a brownish sand 5 to 6 feet in thickness, 
a layer of greenish sand ferruginous and crumbling under the finger. The bed was horizontal ; 
a depth of 16 to 20 feet was exposed, but its bottom was not reached ; a layer of silicified stems 
lay horizontally in the sand about six feet below the upper surface, and a second layer eight 
feet below the first. Many of these had been washed out and carried down the creek bed. The 
wood was of various sizes, from an inch in diameter to six inches, and from six inches to two 
feet long. Most of the specimens had the external configuration of an equisetum. As this 
horizontal stratum lay on the upper terrace, or the mesa east of the Dona Ana, it can scarcely 
be supposed to dip under the river, which lies one hundred feet below. The present bottom of 
the Eio Grande being well defined on each side by an abrupt ascent from it to the mesa, the 
river may be supposed, therefore, to have worn its way through and removed this bed, leaving 
only these slight traces now observed on the upland. 

The silicified stems gathered here were lost in the subsequent transportation. 
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CHAPTER XXIV. 

OF THE PEEMANENT SUPPLY OE WATER, AND OE THE EEASIBILITY 
OE OBTAINING ABUNDANT SUPPLIES BY AETESIAN BOEINGS. 

Only a portion of the route deficient in the supply of water. — Extent of this district.— Geological summary.— Meteor" 
OLOGY.— Region of summer rains.— Elevation of the district.— Annual fall of rain.— Causes of the diminution of rain 
WESTWARD.— Quantity absorbed by the soil.— Contrast of a north temperate and an inter-tropical zone. — Substitutes 
FOR artesian wells.— Watbr tanks.— Ordinary wells.— General conclusions.— Localities of natural su'i^hY on route.— 
Cook's spring. — Rio mimbres. — Ojo de la vacca. — Valle del sauz. — Playa db los pimas. 

Along parallel 32°, the shortest route by whicli the Pacific can be reached, the difficulty 
of obtaining water is one which is shared in common with any other travelled road over the 
contiDcnt more northward, and a difficulty which, regarding the route itself, may be obviated. 

It is only over a portion of the route in which the deficiency of water is felt ; it is to this 
locality only that attention will be directed, and if it can be shown that in these less favored 
districts a sufficient supply of water can be had the argument applies a fortiori to the whole 
route. 

This district is comprised between the Eio Bravo and the San Pedro, a distance of 253 miles ; 
is nob traversed by any large river, nor subject to a large fall of rain; to arrive at any conclu- 
sions concerning the facility of obtaining water sufficient for railroad wants, two classes of cir- 
cumstances will require to be noticed. 

1. The geological conditions. 

2. The meteorological conditions. 

1. Geological. A detailed description of the structure of the region has been given, and the 
sections appended illustrate the description. It is unnecessary, therefore, here to state more 
than that the first 85 miles west of the Eio Grande is broken up by basaltic upheavals and 
overflows ; that from Cook's spring to Penascitas succeeds a district which, though not so 
broken^ is yet traversed by porphyry upheavals, producing faults, and having horizontal strata 
only over very small areas, so small as not to be conveniently tapped. 

The elevated lands of Penascitas and Ojo de la Vacca are the foot hills of a chain of igneous 
rock, (Burro mountains,) which lie northward. These lands are the dividing ridge of the 
waters of the continent along this parallel ; those on the east running southward into the Gulf 
of Mexico, and those on the west rolling north (via the Gila) into the Gulf of California. 

West of these elevated lands the country drops by a succession of troughs or valleys, sepa- 
rated from each other by short unconnected ranges of felspathic and granitoid rock, running 
N.N.W.^ and S.S.E. These valleys or flats have their rock basis of carboniferous limestone 
and overlying sandstones, and are four in number : 

1. Small valley, with lagoons. 

2. Yalle de los Play as. 

3. Yalle del Sauz. 

4. Playa de los Pimas. 
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CLIMATE BETWEEN FORT FILLMORE AND THE CORDILLERAS. 171 

The two first may be looked on as one valley. The two last have the lower mountain lime- 
stone and the Devonian sandstone conglomerates resting on primary rock. In these valleys 
the geological circumstances are eminently favorable for artesian boring, and there water might 
be had at 300, 500, or 600 feet deep, according to the distance selected from the margin of the 
basin, provided the climatal conditions were favorable ; east of these basins the country is too 
much broken up by faults and dislocations to be available for ordinary artesian wells. 

2. The meteorological conditions may be thus expressed : 

The region lying between 30° and 33° north latitude is one of summer rains ; within 100 
miles of the Cordilleras it is a rainless district ; but along parallel 32°, when it does rain, it is 
only in summer. This, of course, applies only to the country between the Sierra Nevada and 
the Eio Grrande, for in west Texas, under this parallel, it is a district of autumn rains, and 
between the Sierra Nevada and the coast it is a region of winter rains. 

The elevation of the district is as follows : 

Fort Fillmore, on the Eio Grande, altitude 4,000 feet. 

Basaltic belt and porphyritic district, average for 105 miles.. 5,000 feet. 
Small basin district, 130 miles 4,000 to 3,000 feet. 

From the last level, 3,000 feet on the San Pedro, the land falls until the junction of the Grila 
and Colorado is reached, when it is only 105 feet above sea level. 

The elevation of the mountain tops are : 

Summits of the Organ mountains 7,000 feet, 

Chiricahui, or Mount Graham range 6,800 feet. 

Sierra Nevada, on parallel 32° 6,500 feet. 

In the two first instances the mountain tops do not exceed 2,000 feet above the plain, and, 
therefore, constitute but small points of attraction to rain clouds. The Sierra Nevada, on the 
other hand, is elevated nearly 6,000 feet over the district, immediately to its east, and hence 
becomes an impassable barrier. 

The annual fall of rain over the district is thus distributed : 

Annual fall at Fort Yuma under... 3.00 inches. 

Annual fall at Fort Fillmore, mean of three years... 9.23 inches. 

Annual fall at Fort Bliss, mean of three years 11.21 inches. 

Forts Yuma and Fillmore are the extremes of the line. Fort Bliss is inserted to show the 
difference which a position 40 miles further south produces. The rain is accompanied by 
south winds, generally from the southeast or along the course of the Kio Bravo, but occasion- 
ally from the southwest. From the Eio Bravo the rain fall diminishes toward the west, until 
it is almost nothing upon the Colorado desert. 

The rains at San Diego have no relation with those at Fort Yuma, although both places be 
in the same latitude^ and only 220 miles apart, the mountain chain of the Cordilleras altering 
the climate of the two stations. 

The cause of the diminution of the rain westerly may be due to two causes: 1st. That as the 
rain clouds come from the east, in passing over the district, they gradually become drier ; and 
2d. As the district west of the San Pedro gradually drops toward the Pacific, and thus becomes 
more heated by the sun's rays, the rain clouds are not condensed, but are raised further up in 
the atmosphere by the heat of the lower regions. In the Colorado basin clouds from the south 
were frequently seen drifting north, and when nearly overhead, gradually breaking up, and 
being dissipated under the immense heat of the plain. The diff'erence in amount of rain fall 
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between the two extremes, Forts Yuma and Fillmore, is 7^ inches, which is spread over 650 
miles, or ^V of an inch of rain for every hundred miles, supposing the fall were evenly distri- 
buted ; but it is scarcely to be expected that the distribution of rain is equal, or that it lessens 
equally over equal areas ; for the elevated land is all toward the east, and receives first the 
saturated air, and would necessarily condense a larger proportion than, an equal extent of 
elevated land toward the west; much more does it condense since the western district is so much 
lower ; so that within the eastern half, or 325 miles, near the Eio Bravo, perhaps two-thirds of 
the total fall of rain is concentrated ; in other words, it might be hypothecated that— 

Within the first 350 miles, the fall would be from 12 to 5^. 

While within the second 300 miles, the fall would be from 51 to 2^. 

We can never reckon on the total fall of rain over a district as the quantity available for a 
subterranean supply. Arago tells us that not more than one-third of the rain which falls sinks 
into the ground below one foot ; and in latitude 52°, in Great Britain, it has been found that 
it is only the rain which falls in December, January, and February, which can be counted on as 
feeders to springs-then, only in the coldest months of the year, can the rain sink seven feet 
into the clay, and be thus removed from the immediate eifect of solar evaporation ; in latitudes 
more south, a further depth must be reached to avoid evaporation, and, in parallel 32°, the 
depth cannot be less than 12 feet; it is not, therefore, one-third the total annual fall which 
forms the subterranean reservoir, but one-third of the quantity which falls in the three months 
when evaporation is least ; the total fall, during this period, is 18 inches, and six inches is the 
available amount for wells and springs, or one-sixth of the total fall. 

An amount approximating this obtains over our north temperate zone, where the fall of rain is 
moderate (36 to 40 inches) and evaporation not excessive. But under parallel 32° it is widely 
different; there, while the winter months are cool, so as to freeze water, little, if any, rain falls, 
and that only above the plain level ; but when the mean temperature is from 75° to 90° the 
rain falls at the time when evaporation is the greatest ; so that the chance of much water 
sinking down 12 feet is greatly lessened. 

According to the experiments of Dalton, and the tables of Daniel, it appears that at the tem- 
perature of 70° Fah., and during a calm, three times as much moisture is evaporated as at 40° 
Fah. These figures being the average temperatures of Virginia and the Gadsden purchase, 
during the period of available rain fall, it would appear that while evaporation is three times 
greater, the fall of rain is considerably less than one-half, almost one-third, in the latter 
mentioned place. This would give at the eastern portion of the Gadsden district 2 inches of 
rain available for wells and springs, and at Fort Yuma one-third of an inch. 

This r^tio is a very small figure to depend upon at the western limit, and it is fortunate that 
there the travel lies along the river Gila, and thus is rendered independent of that scanty supply. 
Chiefly for the reason given, (the great evaporation with the small rain fall,) and partly because 
in the eastern limits there are no strata of small inclination, (except the basin districts, which 
are not broken up or much disturbed by plutonic forces,) I have come to the conclusion that 
sinJcincf artesian wells is unadvisable between the Bio Grande and Fort Yuma, 

The experiments made in artesian borings in Europe and this country have been made (with 
a single exception) ip poj-th temperate Latitudes; mi pone sojith of parallel 36°. Inferences 
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drawn from such results, and applied to tlie interior of a continent, under latitude 32°, must be 
erroneous, unless the considerations to which I have alluded be attended to.* 

Nothing is more common than the loose verbiage in the mouths of many, that, the geological 
circumstances being favorable, artesian wells are possible to be produced. 

This may be true in north Europe and along our Atlantic coast, where the rains are constant, 
and to a high figure ; but it is not true in the Gadsden Purchase, because the climatal relations 
approach that of the tropical zone. 

An objection may be raised to the arguments advanced and the conclusion drawn, based upon 
imperfect observations of the climate. It may be said that the registers of Fort Yuma, and 
those on the Eio Grande, afford no index of rain fall of the country between these points, and 
that, as the country inland is more elevated, it is bub reasonable to suppose that a large supply 
of rain does exist. The reply to this objection is^ that no matter how ignorant we may be of 
the actual rain fall, as estimated by a rain gauge, yet that there are always evidences suffi- 
cient in the district furnished at once, and visible at a single inspection, which can lead to an 
approximation of the actual fact. These evidences are, the appearance of the water-courses, and 
the character — the species — of the vegetation natural to the district. 

If the water-courses be short, if the bed be rugged, filled with large stones, washed out from 
above and impacted in gravel, and if it suddenly terminate by opening upon plain land, and 
does not empty into another channel or river bed, then it is the course of a short and tumul- 
tuous body of water^ collected together suddenly, and rushing along in a mass, and not in a 
continual stream — it is a torrent and not a river. It does not signify how deep the sides of the 
water-courses are — these do not indicate long continued and low action ; a small creek, sud- 
denly emptying into the Hudson river below Newburg,'has (in 1852) in one night excavated 
a bank 60 feet deep ; it is but the evidence of force or power of water, but not of its actual 
quantity, or of its continuance of action. 

Especially is this true where it does not empty into a larger stream bed ; it shows that the 
total quantity has been too small to prolong it into a stream. Numberless are the arroyos or 
creek beds of this character, which give out, or lead to nowhere. 

Again, with regard to the evidence derived from vegetation. This is more certain than the 
other. Let us consider a district which has no subterranean supply of water, and wholly 
dependent upon the rains. Suppose such a district to be wholly destitute of vegetation, the 
observer would infer either of two things : 1st, that no rain at all fell, or that it did not fall at 
the time favorable to vegetation. The first supposition is improbable, as we know there are 
few places on the globe where some rain (slight though it be) does not fall ; and it is not true 
of any locality on the route, for in some of the most barren localities the arroyo beds were 
found; and in others, as the playas, the surface was ripple-marked by superjacent water. 
With regard to the second supposition, that it did not fall at the favorable time to benefit vege- 
tation, it may be worth while to inquire into its meaning : Is there any time peculiarly favor- 
able to vegetation ? are plants so obstinate, and such formalists, as to* grow in exact months in 
spring time when it does not rain, and refuse to grow in summer when it does? 

Our knowledge of vegetation shows that plants will grow when the supply of moisture in the 
ground is sufficient to carry the food it requires in a liquid state to its roots ; it cannot grow 
until after some rains, nor mature itself until after more ; and that, let it be supplied with 

*^ The artesian borings, as they are called in California, are not cases in point ; they are, in fact, not art ef^ian wells, but 
simply deep clay borings. 
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moisture sufficient, it will continue to grow for the whole term of its life, independent of month 
and season, converting the annual of the north into biennials and perennials further south. 

It is, therefore, to the sufficient supply of water in the soil that the growth, whether at the 
outset or in continuance, takes place. The fall of rain does not influence this growth, except 
in so far as it saturates the soil. Hence, when we say that a fall of rain does not occur at the 
time suitable for vegetation, we mean that the rain fall does not sink into the earth— that it is 
either wholly or mostly evaporated by the excessive temperature. If this be true, the rain fall 
is not sufficient to supply depots of water for artesian borings. Thus the absence of vegetation 
is an evidence of a deficient supply of water. 

Now, when irrigation is applied to those plains susceptible of supply from rivers, the thorny 
vegetation disappears. The obione, the larrea, artemisia, fouquieria, and the pitahaya, all are 
removed, and the mesquite, the willow, the cotton-wood, and other grasses supply their place ; 
and so universal is the occurrence that the observing traveller can at once tell what is the 
hygrometrical condition of the ground, or subsoil, by an examination, at a glance, of the super- 
ficial growth. 

From frequent observation, when travelling over this route, I have constructed the following 
table, which gives an approximate estimate of the value of vegetation, as an indication of the 
moisture of the subsoil : 

1. Subsoil saturated with standing water— Tule or Carrizo, (Arundo phragmites ; A. tessaria.) 

2. Moving water, with ^oo\^ — rushes ^ (Juncus ;) willow^ (Salix.) 

3. Surface soil moist — Plantago, cotton-wood, (Populus monlifera.) 

4. Six feet above river level— Cedar, (Juniperus ;) dwarf oak, (Quercus ;) walnut, (Juglans ;) 

bunch grass. 

5. Fifteen to 30 feet above river level — Mesquite, (Algarrobia ;) screw bean, (Prosopis ;) tunal, 

(Opuntia.) 

6. Above 50 feet--"Maguay, (Agave Americana ;) yucca, Spanish bayonet, (Palmetto ;) gramma 

grass, (Bouteloria.) 

7. Where the foregoing plants disappear on level plains— Creosote plant, (Larrea Mexicana ;) 

stink weed, (Eriodyction ;) grease wood, (Obione canescens ;) wild sage, (Artemisia.) 

On elevated granitic soils — Pitahaya, (Cereus.) 

In the most arid soil — St. Joseph's rod, (E'ouquieria.) 

Thus it is derived from observation that, by an inspection of the vegetation, we can form an 
estimate, not of the exact fall of rain, but of the moisture of the soil — that is, of the rain fall, 
which is available for wells and springs — and thus the conclusion, drawn in the absence of 
information derived fom the rain guage, is not likely to be far from the truth, or to lead to any 
great error in practice ; for had sufficient rain fallen over and above evaporation on level plains, 
it would be elevated by capillary action to supply a new vegetable growth. 

As for the water supplied by melting snows descending from the summits of lofty hills, and 
sinking between the strata and at the base, along the parallel examined, where there are lofty 
ranges, as the Organ mountains, MogoUon mountains, and the Pinaleno hills, there are also 
rivers formed, as the Eio Grande, Gila, and San Pedro ; but as for the smaller chains, as 
Chiricahui, and others of less note, the quantity of snow collected is much less, and merely 
waters the canons of the ranges ; and by the time the stream has passed to the edge of the 
plain, it is dwindled down to an insignificant thread, which is lost by evaporation. 

In thus condemning attempts to obtain water by artesian borings for railroad purposes, I do 
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not wish to be understood decrying the district as incapable of supplying enough of that need- 
ful liquid ; quite the reverse. There is enough and to spare, provided it be taken when it is 
supplied and stored away when it is abundant.* Large tanks and reservoirs, sunk into the 
ground, well built, cemented and covered over with frame work, so as to prevent evaporation, 
is all the apparatus needed to obtain plenty water. The various rivers and creeks, whose 
channels are full for a few weeks in the year during the rains, afford a large quantity of water, 
which might be tapped by open drains or sequias leading to these tanks, and their water thus 
saved at the moment of its fall. The Mimbres river, the Sauz brook, and the Ojo de la Vacca, 
might be thus treated. The surface waters which collect on the play as, which are often several 
inches deep by an area of a few square miles during the early weeks of autumn, might be 
appropriated also, and a sufficient supply kept at each station to last until the ensuing season. 

Thus, by such means, at intervals of fifty miles apart, large supplies of water might be had 
along the route ; and by adopting the same care and preservation of the water reservoirs, (for in 
these latitudes the water does not become fetid^) which is evinced in Egypt and Arabia for their 
wells, the continent might be crossed with comfort at any period of the year. 

The thick clay beds which are spread over some of the Playa bottoms occasionally serve to 
retain large bodies of water beneath their layers. Sinking ordinary pumps or chains and 
bucket wells is called for, and small supplies could be thus obtained at lesser intervals, which 
would supply the minor wants of wayfarers. 

The results of observation and reasoning appear to be these : 

1st. The fall of rain small in amount, and during summer does not afford a sufficient supply 
to justify sinking artesian wells to any great depth in the region under discussion. 

2d. But the fall of rain is sufficient for all viatic purposes, if it be secured when or shortly 
after its fall, and preserved in covered tanks. 

3d. The clay springs found in the valley bottoms show that ordinary wells and pumps might 
with advantage be sunk. 

Localities of natural supplies of water. — These are along the route: Cook's springs, Eio 
Mimbres, Ojo de la Yacca, Ojo de Inez, Yalle de las Playas, Yalle del Sauz, and Playa de los 
Pimas. 

In describing in detail the geology of the route, those localities have been already described. 
They are now noticed again in their capability of yielding water. 

Cook's spring (page 159) belongs rather to the class of wells than of springs. Its basin of 
supply is very small, being derived from the alluvial covering of the eastern slope of the Picacho 
de Mimbres ; its sources are not subterranean, nor, considering the dislocated condition of the 
strata, could it be supposed that rock supplies could be abundant. The well occupies a surface 
of 600 square feet (approximately ;) its depth at the edge, and two feet inward, is from four to 
ten inches, with a soft, muddy^ clay bottom, dangerous for cattle to enter, which rendered the 
estimation of the depth toward the middle impossible. The overflow of water was very small, 
and was soon lost by absorption in the earth lower down. The probable overflow is about 200 
cubic feet in 24 hours. 

Eio Mimbres (page 156) is a mountain stream, derived from the rains falling in the narrow 
valleys and elevated hills, which are in juxtaposition and connected with the trappean eruptions 

*-- Lieut. Gr. Andrews, 1st artiUery, who commanded the escort accompanying Lieut J Gr. Parke's survey, informed me 
that on his return, in crossing the Playa de las Pimas, in December, he found its bottom covered with a sheet of water 
six inches in most places by one mile wide and three miles long. Here was an immense body of available water. 
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of the Copper Mine mountaiDS. In its course south ward, its valley bed widens, and travelling 
over the grits and sandstone, which are loose and porous, it sinks down and disappears. Its 
volume carried down and the point of sinking varies with the season, some summers higher up, 
and others lower down ; thus, at some seasons, the crossing at Cook's trail is dry^ and at others 
a running stream. - - ^ 

The former was the case this summer, but the water was found about six miles higher up, 
where it existed as a large collection of fresh standing water in pools or lagoons, surrounded 
by willow thickets. Four or six miles higher up still, it was a running stream, about 8 feet 
wide, and from 18 inches to 2^ feet deep, travelling 2^ miles per hour. The valley of the river 
contained everywhere abundance of grass, with cotton- wood and walnut. 

As the river runs in a line of fault in the strata, if it be desired to obtain water in the river 
valley^ at or below where Cook's trail passes it, the river bottom and bed ought to be the spot 
selected for experiments. This is in a line running south 20° east from the magnetic meridian. 
Selecting such a line, and getting as close to the west side of a porphyry butte or hill would be 
the most likely method of tapping the river flowing beneath. A sinking to 12 or 15 feet near 
Cook's trail, and less than 25 feet for ten miles down, would be the utmost depths required. 
From the volume of water which the Mimbres carries down, as well as from its uncertain 
presence at the trail crossings, it would appear necessary to take the river higher up (four miles 
above camp) and carry it down in a channel, and fill reservoirs or tanks constructed on the line 
of road. Basins of water, of great capacity, might thus be obtained ; and by taking the river at 
this point, the supply would be constant the year round. The conveying channel might be an 
open sequia, but the reservoirs would require to be covered. This stream, because small, is 
liable to be under estimated in its capability of supplying water. When crossed a few miles 
above the trail crossed upon this route, it has been found a constant stream by those who have 
crossed it. As such, Bartlett and Emory describe it, and as such it appeared when visited in 
the neighborhood of Ojo Caliente. When Major Emory crossed it, he describes it as 15 feet 
wide and 3 feet deep. Taking the lesser measurement, near Ojo Caliente, at 8 feet wide and 2 
feet deep, with a velocity of 2^ miles per hour, there is a capacity for supplying water to fill a 
tank equal to 211,200 cubic feet per hour, or equal to a supply of 3,068,800 cubic feet in twenty- 
four hours. Thus, a single days' supply would fill a large tank. 

Indeed, the Mimbres might be dammed higher up when the valley is narrow, and thus have a 
small lake formed, which could be constantly drawn upon, and form a reservoir, whence, by 
sequias, the wants of a railroad, several miles down, could be supplied. Sequias, though 
wasteful, are yet efficient for many miles. The town of Dona Ana, on the Eio Grande, is sup- 
plied by sequias, which come off from the river ten miles above. 

The Ojo Caliente, described page 156, might also, if drawn upon, afford a large supply of pure 
water, palatable, though hard. 

Ojo de la Vacca, page 155. This spring exists in a depression in the general plain, which is 
most likely formed by a fault ; in the angle of uptilted strata the water rises. The central 
spring is surrounded by rush and tule, is about fifteen feet across, and yields but a small excess 
of water, which, owing to the depressed form of the basin, cannot overflow, and merely soaks 
the clay in the vicinity. As it does not flow, it does not admit of measurement ; but as the re- 
moval of 200 gallons in twelve hours' stay did not appear to affect the spring, perhaps 1,000 
gallons might be calculated on for every twenty-four hours as the surplus water of the spring. 
The Ojo de Inez was not visited ; it lies further up the canon than the water holes at Camp 
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Penascitas. The quantity of water is too small, and the position too far removed from the 
plain, to render it worthy of investigation. 

Yalle de las Playas, page 152. This arid flat cannot be depended upon for water; during the 
rainy season it collects in pools in depressions on the surface, and after the rains water may be 
had in the arroyo beds, by sinking from eighteen to twenty- four inches in the sand ) but during 
the warm and dry weather even this fails ; and in midsummer, before the middle of August, it 
is rare that any water is to be met with on the plain. This valley is imperfectly divided into 
two by the Pyramid hills. On each of the secondary troughs thus formed the detrital accumu- 
lation is greatest upon the eastern side, and it is in such situations, and somewhat toward 
the mountain, that sinking for ordinary wells should be attempted. 

Valle del Sauz, page 150. This flat trough of land had no brook flowing through at the time 
of visiting it ; there were merely pools of standing water, and no springs were found near the 
line of trail on this plain. The clay of the valley is of great depths and it is likely that sinkings 
made through the clays in the line of the river bed, north of the Cienega, would be attended 
with success ;> but it is not probable that any large or permanent supply of water can be had 
from this plain. 

Playa de los Pimas, page 147. After the supply which the Mimbres river is capable of yield- 
ing, that which this plain can afford ranks second. The permanent springs of the Playa are on 
its north extremity, in which direction the Playa slopes. They are in the alluvial clays, and 
arise from accumulations therein, derived from the rain fall upon the slopes of the valley, above 
the Playa level. The springs along the trail were numerous, and congregated within an area of 
a half mile square. The supply was large, and when drawn upon it readily filled up again. 
From these, or from new sources in the neighborhood, sunk a few feet deeper than the present 
wells, a large body of water is attainable ; and not from this source alone, but from the large 
sheet of water which in autumn covers over the Playa throughout almost its whole extent, de- 
rived from the summer rains. An immense volume of water is at command for three months of 
the year, which, if stored in large reservoirs or tanks, would form a supply sufiicient to carry 
through the remainder of the year, until the return of the annual rains. In these latitudes 
there is little fear about the preservation of the water, as it does not appear to undergo changes 
of decomposition such as occur in colder latitudes. 

23 U 
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CHAPTEE XXV. 

ECONOMICAL GEOLOGY. 

Localities of supply of building stone, and nature of material. 

Materials for building stone are plentiful, at small distances apart, on the route. On the 
valley of the Rio Grande, above El Paso, the carboniferous limestone of the Organ mountains 
crosses the river, and the proximity of the lofty hills afford abundant supplies of stone and lime, 
which might be transported up the river for some miles. In the Mesilla valley the small hill 
behind the town of Las Cruces is also of limestone, and is not more than three miles from the river. 
Twelve miles west of the river buttes of trachyte and basaltic rocks occur, which can be quarried 
extensively. The trachyte is a reddish hard rock, breaking with a sharp fracture, easily trim- 
med, and wears well. The basalt is a hard, dark green rock, more difficult to work than the 
trachytes. This overflow is from 20 to 25 miles across, and should the road pass to the south, 
along the plain, the southern edge of this overflow will afford the place for quarries. 

Cook's Spring, 15 miles W. In this neighborhood porphyry andsyenitic rocks abound. The 
latter are among the most durable of rocks ; both of these extend south of the spring for some 
miles, and could, at that point, furnish materials. Greenstone is also abundant there. The 
Mimbres river, 21 miles W., on the immediate line of trail, does not afford building stone ; but 
three miles up the river white and red sandstones and buttes of trachyte porphyry occur on the 
left bank. The white grits are not coherent, at least in the upper layers. The reddish, yield, 
in some of the beds, a very durable fine-grained stone, which will answer sufficiently well where 
great pressure is not exerted. 

On the trail between the Mimbres and Ojo de la Yacca these same sandstones crop out, but 
do not rise above the road level ; they are favorably disposed, from their stratification, for 
quarrying. 

The valleys and small canons of the Burro foot hills, as at Penasquitas and other entrances, 
are well supplied with porphyries, tri^chytes, and metamorphic quartz ; all hard rocks, and well 
exposed, so as to be easily removed. Twenty miles west are the Pyramid hills, masses of por- 
phyry and trachyte, with metamorphic sandstone ; and twelve miles further west lie the Pelon- 
cillo hills, which are immense extravasations of volcanic rocks, porphyries, trachytes, and basalts ; 
the first and the last are the rocks best adapted, from their durability and close grain. Fifteen 
miles beyond the west edge of these hills the limestone of Ohiricahui is reached, which, as it 
encircles the whole mountain at its base, can be reached readily at the northern end of Ohiri- 
cahui, should it be desirable to turn the mountain. This rock is again met on the west side of 
the playa, on the foot hills of Sierra Oalitro. The granitic centre of this hill yields a good 
stone. West of the San Pedro a similar granitic rock forms Santa Oatarina, from which large 
supplies will be required to be drawn. Two outcrops of granitic rock and sandstone occur 
between the latter range and the Gila river, along the trail ; the sandstone is a friable rock, and 
scarcely to be selected where the igneous rock can be had. 
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Within six miles of the Maricopas wells lies the long granitic chain, which crosses the Gila 
in a double range, bounding the Jornada ; and from this point westward, along the bed of the 
river, to Fort Yuma, there is no locality in which stone cannot be obtained within fifteen miles, 
so interspersed is the river valley slope with those isolated hills. The basalt overflow, west of 
the Pimas, affords a capping of hard rock, from 12 to 16 feet thick-, in unlimited extent. West 
of this is Goat or Big Horn mountains, yielding granite, quartz rock, and a haird conglomerate; 
and beyond that two isolated ranges of trachyte, porphyry and sandstone, until the hornblendic 
granites of Fort Tuma are reached. The most of the rock met with on the route is igneous, 
either primary or volcanic, both of them affording denser and more durable materials than the 
sedimentary rocks. They are also more exposed and easier obtained. The limestone, where it 
can be obtained, will be preferred for most purposes. The white calcareous rock at Tucson is too 
soft for a building stone^ requiring coherence, but is well adapted for making lime from, and is 
the most western point known for obtaining that mineral. 
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CHAPTER XXVI. 

TABULAE VIEW OF GEOLOGICAL STEUCTURE OE SOUTHEEN NEW 

MEXICO, NEAE THE GILA. 

It may "be interesting to some to have the strata of southern New Mexico compared with those 
in other tnown parts of the globe. For the general standard the classification of M. Huot, 
modified by Charles D'Orbigny, has been assumed. The allocation of several of the beds is 
done with great difiidence^ partly from the poverty of those strata in fossils^ and partly because 
some have been already classed under formations different from those in which they are now 
assigned. This is particularly the case with the upper red sandstones, which have been classed 
in TriassiCj but are here moved down into the Permian formation. 



Modern alluvium . 



Ancient alluvium - 



Piiocene- 



Miocene- 



Eocene = 



General. 



QuaternaTy. 

Fresh water beds ---. ^^. 

Marine beds -.. 

Raised beaches -»--' --..- 

Ancient turbaries ^._ 

Loess of the Rhine - 

Bone licks « « 

Caverns with bone remains 

Beds with diamonds and gems- 



Drift and diluvium.* 
Erratic blocks-..,.. 



Pleistocene,.- -» 
Older pleiocene- 
Upper bed -.-»- 
Middle bed... _ 
Lower bed - « - - - 
Upper bed ..... 
Middle bed-. 



Lower bed - -..«. 

econd glaii conic bed- 



New Mexico. 



Gila, San Pedro, and Bravo River vallies. 
Around Fort Yuma, 



Gold, platinum, and metallic ores 



Micaceous sands of Gila river ; conglomerate clay of San 

Pedro river. 
Loose sand and gravel of the desert south and east of the 

Colorado river. 



Stratified sands and clays of the Colorado desert. 
Bo. do. 



Conglomerate rock of the Gila, Goat moimtain, and th© 
district west of the Pimas villages. 
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CLASSIFIED POSITION OP STRATA. 

TABULAE VIEW— Continued. 
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CHAPTER XXVIl. 

CHEMICAL ANALYSES. 

Native copper orb. — San pbdro marl.— Carboniferous limestone. — Argentiferous galena. — Trachytes. — Soil from mesa of 

SONORA desert. — SoiL FROM PIMAS PLAINS — SoiL NEAR MOUTH OP THE GILA RIVER. — REMARKS UPON THE SOILS. 

1. NATIVE COPPER OF EIO GILA. 
Crystallized in small cubes and octagonal prisms, from apparent passage of the octahedra 
into tlie prism ; surface rough, and coated with a layer, | inch thick, of malachite, in boty- 
roidal excrescences ; masses 1| inch thick, the breadth of the seam ; small cavities in the inte- 
rior, with incrustations of malachite. 

Analysis of tioo specimens. 





Found. 


Calculated. 


Copper 


1. 
11.00 
L30 

[ 1.10 

.04 


2. 

8.97 
1.29 

.77 

.05 


1. 

81. 84 
9.67 

8.18 

.31 


2. 

80.66 
11.61 


Silica 


Water 


Carbonic acid _* 


6.96 


Loss 


.77 






13.44 


1L08 


100. 00 


100. 00 



Before the blowpipe faint traces of arsenic were detected. No. 1 was determined in the way 
used at the New York assay office— by solution in nitro-sulphuric acid, and evaporation to expel 
the acid — treating the residue with hydrochloric acid and precipitation on an iron plate. 

No. 2 was determined by a plan recommended by M. Rivot, in the Annales des Mines. 

The ore was dissolved i'n nitric acid, and the solution diluted ; sulphurous acid passed in 
until the solution smelled strongly ; then a solution of sulpho-cyanide potassium added, until 
no more precipitation occurred. 

The precipitate, dried and burned with an equal weight of sulphur, gave the copper as sul- 
phuret. 

In the analysis the silica separated as quartz sand, and was not combined with the green 
carbonate of copper. The ore might then be represented as made up in 100 parts of — 



Specimen 1. 

Hydrated carbonate of copper — ^^ green malachite '' 28.63 

Native copper 61.39 



Specimen 2. 

24.36 
63.36 



90.02 



87.72 



The difference representing the silica and impurities. 
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CHilMIOAL ANALYSES. 



m 



2. MAEL, SAN PEDKO EIVEB. 

Found. Calculated. 

Matter insoluble iii hydrochloric acid............................ 4.224 31.5 

Alumina and peroxide of iron , . .844 , 6.3 

Carbonate of lime 5.856 43. ^ 

Carbonate of magnesia .............................................. .703 ,5,2 

Soluble salts J as — 

Sulphate of lime, chloride of sodium. ......*. .362 2.Y 

Moisture 1.411 10.5 

13.400 100.0 

A fresh water deposit. 

3. LIMESTONE, CHIRICAHUI MOUNTAIN. 

Color, blue. Specific gravity, 2.74. 

Found. Calculated. 

Silica and insoluble clay 5.020 35.30 

Alumina and peroxide of iron 2.928 20.33 

Carbonate of lime 4.864 33.77 

Carbonate of magnesia .324 2.22 

Alkaline salts 270 1.35 

Moisture and traces of organic matter..... 1.000 6.94 

14.388 99.90 

4. LIMESTONE, ORGAN MOUNTAINS. 

Physical characters same as 3, 

Insoluble silicates , 38.00 

Alumina and peroxide of iron 12.17 

Carbonate of lime 37.65 

Carbonate of magnesia. 3.16 

Alkaline salts.. 1.75 

Moisture and organic matter 7.25 

99.98, in 100 parts. 



5. TRACHYTE, PELONCILLO HILLS. 

Specific gravity, 2.56. 
Silica....... 69.470 

Alumina.... 22.600 

Peroxide of iron , 720 

Carbonate of lime 2.154 

Carbonate of magnesia............ ..,.. .300 

Alkalies 4.666 

99.910, in 100 parts. 
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TEACHYTB, CANONS OF GILA KIVER. 

Specific gravity, 2.64. 

Silica 57.15 

Alumina : 16.90 

Oxide of iron 8.50 

Oxide of manganese....... .04 

Magnesia , 1.86 

Lime 6.40 

Potassa 3.80 

Soda 1.10 

Water 3.28 



99.03, in 100 parts 



6. AEaENTIFEROUS GALENA, OEGAN MOUNTAINS, WEST SIDE, STEVENSON'S 

MINE. 

Specific gravity, 7.8. 
Lead 86.40 

Sulphur........ „ 13.34 

Silver ,16 

Manganese .20 

100.00 

7. ARGENTIFEROUS GALENA, EAST SIDE OF ORGAN MOUNTAINS, FORT MINE. 

Specific gravity, 7.75. 
Lead 86.00 

Silver 17 

Sulphur 13.36 

Manganese and antimony , .67 

100.00 

8. SOIL, EIGHT MILES EAST OF FORT YUMA, CAMP ON GILA. 

Silica. 81.22 

Alumina 8.00 

Peroxide of iron .67 

Oxide of manganese ...k .07 

Lime 1.15 

Magnesia .71 

Potass , .84 

Soda 76 

Carbonic acid 1.00 

Sulphuric acid , .54 
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Phosphoric acid q^ 

Chlorine... , 3'j' 

Vegetable matter , ,.....,, 1.60 

Moisture and loss 3.00 

100.00 

9. SOIL FEOM PIMA8 PLAINS. 

Silica » 83.24 

Alumina ......: 7.00 

Peroxide of iron , , , , , , . ^g 

Oxide of manganese .11 

Lime 1.88 

Magnesia ..c.».... .67 

Potass , , .37 

Soda , .41 

Carbonic acid ., , 1.27 

Sulphuric acid ., .21 

Phosphoric acid...., .04 

Chlorine .28 

Vegetable matter..... , , 1.24 

Moisture and loss 2.50 

100.00 

10. SOIL FEOM DESEKT SOUTH OF PIMAS VILLAGES. 

Silica 89.26 

Alumina... 6.40 

Peroxide of iron .87 

Oxide of manganese ,.,. , , .15 

Lime , .44 

Magnesia .33 

Potass ^66 

Soda .., 1.., , 42 

Carbonic acid , 

Sulphuric acid ,., ^q 

Phosphoric acid O3 

Chlorine , 39 

Vegetable matter , 

Moisture and loss 1.44 

100.00 



These soils have one common source, a decaying, felspar granite rock. The fragments of 
quartz are rounded and semi-transparent, intermingled with minute crystals of white felspar 
and brown colored mica ; small particles of amphibole may be seen through the soil when 
24 U 
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186 CHEMICAL ANALYSES, 

examined by the lens. The different degrees in fineness of the granite debris constitute the 
chief difference in the soils, regarding them mechanically. The soil of the Pimas valley is 
finest in texture ; next, and differing but little from it, is that of the lower G-ila, while that of 
the desert is much coarser. In chemical composition they also approach each other. They are 
essentially light, sandy soils, in which the quantity of useful mineral matters vary from 15.80 
to 9.5 per cent. 

They are poor, granite soils, of which the desert specimen is the type ; to this has been 
added some vegetable matter, and some carbonate of lime in impalpable powder. The soil 
of the lower Gila has vegetable matter also^ and a lesser amount of the calcareous element ; this, 
in both instances, has been derived from the river alluvium. There is^ however, lime as silicate 
in the desert soil, which, could it be cultivated, would soon yield carbonate. 

The desert soil so nearly approaches the others in chemical constitution, that we may con- 
clude that the sterility is not due to the soil, ^er se, for transplant this soil to the margin of 
the Gila, and in a few years it will resemble the others. It is to the presence of organic matter 
(vegetable) that the fertility is due, and the vegetable matter is due to the moisture of the 
soil, so that^ ultimately, it is to the presence of water that fertility is owing, and it is to its 
absence that sterility is imparted. "While, therefore, from this we learn that all the bare and 
apparently desert low country may be cultivated with success, where it can be irrigated, we 
also learn that on the upland, where irrigation cannot be practised^ and where a few showers 
per year are all the water received, the brand of perpetual sterility is inalterably fixed. 
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CHAPTEE XXVIII. 

LIST OF MINERALS COLLECTED. 



No. 



1 

2 

2 

3 

4 

5 

6 

7 

8 

9 

10,11,12 

13 

14 

15 

16 

17,18 

19 

20,21,22 

23 

24 

25,26 

27,28 

30 

31,32 

33 

34,35 

36 

37 

38 

39 

40 

41,42 

43 

44 

45 

46 

47 

48 

49,50 

51 

52,53 

54 

55 

56 

57,58 



Name. 



Schorl, albite, and lithia mica 

Albite and hexagonal mica.. . ••.... 

Schorl in albite 

Schorl in albitic granite * 

Protogine. 

Syenite , 

Porphyry, with epidote , 

Hornblende and porphyritic granite , 
do do 



Trachyte porphyry . . 
Amygdaloid basalt. . , 
Amygdaloid trachyte. 
Pepperino. • 



Native copper, with malachite. . . « 

Doleritic basalt, including porphyry ...•••., 

Jasper and metamorphic quartz 

Ciialcedony (agatic) 

Oxide of titanium, rutile and sagente 

Protogine. 29. Talc rock 

Albite 

Azure copper ore, chysocoll and malachite. 

Impure red oxide copper 

Riband porphyry (trachyte) 

Calcareous lock 

Chalcedony geode. 

Basalt 

Porphyry, with labradorite 

Talcose rock • 

Pyroxene and felspar , 

Encrinital limestone , 

Red felspathic trachyte 

Trachytes 



Silicified wood 

Augitic crystal (concretionary ?) . 

Red quartzose porphyry 

Trachyte, with phlogopite , 

Greenish metamorphic slate. . . . . 

Drusic quartz 

Gypsum ; gypseous marl 

Chalcedonic geodes 

Crystalline limestone 

Aztec pottery 

Trap, from dyke in , 

Metamorphic shale 

Encrinital limestone. • • • • 



Locality . 



San Felipe, California. 

do 

do 



San Felipe. 
Vallecitas. . 
Fort Yuma . 
do.... 



.do. 



Camp 1, Gila, New Mexico. 

Camp, June 15 

do 

do 



Big Horn mountains . 



Maricopas. . . . . 
Pimas villages. 

Tucson 

Near Tucson.. 

do 

do....... 

.do 

do 

San Xavier.. . . 

Tucson , 

.....do 

.do 

Gila river.. . .. 

do....... 

.....do , 



San Pedro river . 

do 

do 



..do. 
.cdo. 
..do. 



do 

Iguana creek , 
Chiricahui. . . , 



Puerto del Dado. 

Chiricahui 

do......... 
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LIST OF MINERALS COLLECTED. 
LIST OF MINERALS COLLECTED— Continued. 



No. 



Name. 



90 
91,92 
93 
94 
95 
96 
97 
98 
99 
100,101,102 
103 
104 
105,106 
107 
108 
109 
110,111 
112,113,114 
115,116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 



59,60 Trachyte and porphyry 

61,62,63 Trachytes ,. . . , 

64,65,66,67 Porphyritic rocks , 

68 Basalt. 69, 70. Trachyte , 

71 Trachyte, cooled when in motion , 

72 Chalcedonic quartz 

73 Sandstone metamorphosed 

74 Magnesian rock with porphyry pebbles , 

75 Talc and porphyry rock ,,. 

76 Metamorphic quartz. , , 

77 Syenitic porphyry 

78 Felspar porphyry , 

79 Felspar porphyry, with actinolite 

80 Jasper porphyry. 81. Greenstone traps 

82 Actinolite porphyry. 83. Greenstone , 

84 White quartz grit , , , 

85 Trachy tic sandstone , ., 

86 Red sandstone.. 

87 Sandstone grit, giants of the Mirabres 

Chalcedony 

Actyonilite porphyry.. , 

Silicio«s deposits, filling veins 

Porphyry and silicious sinter 

Trachyte .....,,. « 

Trachyte 

Actynolite porphyry , 

Red sandstone , 

Trachytic porphyry , 

Silicified wood ^ 

Volcanic rock, from basalt plain 

Porphyries and sandstone , 

Trachyte , 

Orthose, including small crystals of quartz ; summit of 

Trap, on west side of. , 

Sulphate barytes gangue 

Carboniferous limestone 

Whitish calcareous rock , , 

Argentiferous galena. .....,,., 

Psilomelan and barytes, associated with galena, in Stevenson's mine 

Gangue stone, from walls of mine, containing fluor spar and phosphate lead 

Litharge and slags from adobe furnace at Stevenson's. 

Fluor spar, octahedral and massive ...do 

Sulphate barytes and oxide manganese. . . . • .do 

Cerusite do ,.»... 

Trachyte, Canon Soldado 

Fibrous caleite, in veins , ^^ 

Greenish arenaceous schist, with carbonate of lime , , 

Rhomboidal caleite, with talc crystals 

Gypsum 

Suite of fossils illustrating the marine fauna of the Coast mountains , . . 



Locality. 



Peloncillo hills . . 

.....do 

do... 

do 

Burro mountains. 

do.. 

.....do 

do 

do 

do 

Mimbres 

Picacho 

do 

do 

do 

do , 



Ojo de la Vacca 

Rio Mimbres 

Cook's springs 

do 

Burro mountains 

Picacho, Mesilla 

Monument Hill 

Ojo de la Vacca 

Picacho, Mesilla , 

Between Mimbres and Mesilla. 

Peloncillo hills 

Mesilla valley 

West of Mesilla 

Picacho, Mesilla 



Organ mountains , 

do 

Stevenson's mine . 

do 

.....do 

.....do 

Organ mountains. . 

do 

do. 

do 

do 

do.. 

do 

do 

do 

do 



California. 
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CHAPTER XXIX. 

KEPOEI ON THE PALJIONTOLOSY OF THE SUBVET. 



BY T. A. CONEAD. 



Deae Sir : Accompanying this is the description of the fossils collected by you in southern 
California. 

In the Proceedings of the Academy of Natural Sciences for 1855, page 441, I have remarked 
that the Miocene of Santa Barbara contains a group of shells more analogous to the fossils of 
tne Atlantic slope than to the existing shells of California ; but it is evident, from the specimens 
in your collection, that there must be subdivisions in those tertiary deposits of California which 
range between the Eocene and Pleiocene periods, for the group of the Estrella valley and Santa 
Inez (Barbara) mountains does not appear to contain one species, even, analogous to any in the 
Santa Barbara beds, and, on the contrary, some of them remind us of the existing Pacific fauna. 
Thus, Dosinia Alta is closely allied to D, SimpleXy Hinnites crassa related to Rinnites gigantea. 
Pachydesma and Orytomya sue existing California genera, represented in the Miocene, and 
which do not occur in the Atlantic. I think it probable that the Estrella group may prove to 
be of later origin than that of Santa Barbara. There is another at San Diego, of which I Jiave 
seen but a few specimens, and cannot yet determine its relation to the other groups. In referring 
these fossils to the Miocene group, it is not with the understanding that they are exactly parallel 
with European or even Virginian Miocene strata, but that they are unquestionably situated 
between the Eocene and newer Pliocene, containing no species analogous to the former, which is 
admirably characterized in California by its general forms, and even by a few well known Clai- 
borne species. Like the Miocene of Virginia^ the Estrella group is characterized by large and 
even comparatively gigantic species of Pectinida3, so unlike any living on the coasts of California 
or the Atlantic States. It would seem that this family then reached their maximum of devel- 
opment and the genus Pallium was first introduced, and of far larger size than any which now 
exist. It is worthy of remark that the generic character is developed on a far grander scale 
than appears in subsequent epochs, the prominent teeth and thick hinge reminding us of the 
genus Spondylus. 

Every new collection of Miocene fossils shows more clearly the connection between some of the 
tertiary strata of California and those of Virginia. The species in the present collection are 
far more interesting than any others of the same formation on the Pacific slope which I have 
yet seen. It does not appear that this group of fossils has any living representative in the 
present fauna of the Pacific coast, but several of them approximate to extinct Virginia species ; 
and I am not sure that the large Pecten magnolia, herein described, is not identical with the 
Virginia species P. Jeffersonius, I think it may safely be assumed that the San Raphael hills, 
Santa Inez mountains, and Estrella valley, contain strata which are parallel to the Miocene sands 
and clays of the James and York rivers, in Virginia. No doubt there are groups of different geo- 
logical age, as the species vary greatly in different localities ; but in your collection I find not one 
Eocene species, and none more recent than the Miocene, except the few shells collected from the 
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coast deposits, consisting of recent species, among which I recognize Pacliydesma crassatelloides, 
Con. Venus Nuttali, Saxidomus Nuttali, and other species which live in the same latitude. This 
is most likely a recent, or post-Pliocene formation. It occurs in the valley of San Luis Obispo 
and at Santa Barbara. 

The large Pectens, so like to Virginia species to which I have alluded, suggest the probability 
that large species of Busycon may yet be found in California. If so, it will be very interesting 
to compare them with the eastern forms. 

I have no doubt but that the Atlantic and Pacific oceans were connected at the Eocene period ; 
and the fossils herein described afford strong evidence that the connection existed during the 
Miocene period. 

Of the Miocene shells collected by Mr. Blake in California, and described by me, I believe 
that no species, except Peclen deserti, and perhaps Anomia subcostata, is to be found in the present 
collection. 

Yours, &c., T_ ^_ CONKAD. 

Dr. Antisell. 



HINKITES, Defiance. 



HiNNlTBS OKASSA, PI. 1, figs. 1 and 2.— Ovate or subovate, thick, irregular, with large, rounded, 
unequal, radiating, irregular ribs, squamose, and with foliated spines on the lower part of the 
valves or near the base ; intervals of the ribs with 3 or 4 squamose, prominent lines ; hinge 
profoundly thickened ; fosset profoundly excavated, angular ; muscular impression very large. 

Locality. — Santa Margarita, Salinas valley. 

This species is remarkable for the thickness of the hinge and the upper part of the valves in 
old specimens. It resembles the recent Californian species H. gigantea, Gray ; and it probably 
attains a larger size than the latter. 



PECTBN, Lin. 



Pectbn Meekii, pi. 1, fig. 1.— Suborbicular, compressed; ribs about 19 ; lower valve convex, 
with broad ribs, not very prominent; convex depressed on the back, angulated on the sides,' 
about as wide as the intervening spaces, and scarcely prominent at the base ; upper valve con- 
vex depressed, with narrower and less prominent ribs, ears equal, moderate in size. 

Locality. ^^a,n Kaphael hills, California. 

Named in honor of F. B. Meek. A very large species, comparable to P. Jeffersonius in size, 
but very distinct from all of the large Pectens of the Atlantic States. The upper valve is 
nearly flat, and both are thin for so large a shell. 

Peoten deserti, Conrad, (Blake's collection, desc. p. 15.)— Suborbicular, both valves convex; 
ribs about 23, rounded, somewhat flattened towards the base, about as wide as the interstices,' 
in the lower valve much wider than the interstices, and the valve more convex than the opposite 
one ; ears equal in the upper valve ; left ear of lower valve extended downward, and very 
obliquely striated ; cartilage pit profound ; a submarginal channel parallel with the upper 
margin. 

Locality. — Carrizo creek, Colorado desert ; Carrizo creek of Estrella river. 

Pectbn discus, PL 3, fig. 1.— Suborbicular, slightly oblique, profoundly compressed or dis- 
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coidal, thin ; ribs about 17, rather distant, not very prominent, narrow, subtriangular, slender 
and more distant towards the lateral margins ; ears very unequal, rather small. 

Locality, — Between La Purissima and Santa Inez, 

This species is described from a cast beautifully preserved in indurated clay. The height is 
about 2 inches. The upper valve appears to have been nearly flat. 

Pecten magkolia, PL 1, fig. 2.— Suborbicular, ribs 11, very large, prominent, convex- 
depressed on the back, laterally angulated, longitudinally rugoso-striate. 

Locality, — Santa Inez mountains, Santa Barbara county, California. 

This species will compare in size with P. Jeffersonius, Say, and is so remarkably similar to it 
that it may prove to be the same species when more perfect specimens are collected. 

Pecten altiplicatus, PI. 3, fig. 2.— Obtusely ovate, thin; ribs squamose, slender, 9 of 
them distant, profoundly elevated, an intermediate small rib and fine radiating striee, ears . 

Locality, — San Eaphael hills, Santa Barbara county. 

There is but one imperfect valve of this species in the present collection. It is remarkable 
for the great prominence of its larger ribs. Height 2| inches. 

PALLIUM, Conrad. 

Pallium Estrellanum, PI. 3, figs. 3 & 4.— Suborbicular ; lower valve ventricose; ribs about 
17, broad, flattened, not very prominent, with an intermediate small rib, longitudinal, sulcated 
•below the umbo or bilinear ; ears rather small, equal, with 5 or 6 radiating prominent rugose 
lines. Height 4 inches. 

iooaZ%.— Estrella, California. 

The flat valve of this species does not accompany the specimen of the other valve. The shell 
attains a larger size than any fossil janira (which it resembles) I have heretofore seen. The 
hinge is furnished with 6 distant diverging prominent teeth, and presents a marked contrast to 
that of the genus Pecten, more nearly resembling the hinge of Spondylus. The specimens are 
imperfect and worn, but there are indications on one or two that the ribs were carinated or 
sub-carinated on the margins. One small specimen has the ribs inferiorly ornamented with 
fine, rugose, prominent transverse lines, and each rib with three longitudinal prominent strige, 
and is also striated longitudinally. - 

This genus originated in the Miocene period, and there it attained its maximum in size and 
prominence of the generic character. Hinnites also and pecten have similar gigantic propor- 
tions in the strata, which I have considered the equivalents of the English Miocene, and which 
certainly occupy a stratigraphical position immediately above the Eocene formation. 

SPONDYLUS, Rmd. Lam. 

Sponbylus Estrellanus, pi. 1, fig. 3.— Obtusely-ovate, both valves ventricose ; ribs about 
17, not very prominent, rounded, rugose, interstices convex-depressed ; valves with radiating 
strias, distinct about the base, obsolete above; posterior side sub-ouniform ; cardinal area 
narrow. 

Locality, — Estrella valley, California. 

This species has thick valves, is about four inches in height, and has entire or unarmed ribs ; 
the ears are broken, but they are apparently very unequal, and the beaks are not very distant. 
The lateral tubucles or teeth of the hinge are prominejit, conical, and very robust. In some 
specimens the radiating striae are very distinct near the posterior margin. 
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TAPES ? Muhlf. 



Tapes MONTANA, PL 5, figs. 3 and 5. — Suboval^ ventricose, very inequilateral ; posterior margin 
very oblique and rounded, end obtusely rounded ; basal margin slightly contracted medially ; 
disk with concentric impressed lines. 

Locality, — San Buenaventura. 

Tapes Inezensis, PI. 7, fig. 1. — Less ventricose than the preceding, with a rounded base^ 
and prominent concentric lines. 

Locality. — Santa Inez mountains. 

VENUS, Lin. 

Venus Pajaroana, PI. 4, figs. 1 and 2. — Obliquely ovate-obtuse, ventricose, very inequilateral; 
anterior margin obtusely rounded, posterior side sub-cuniform ; posterior end truncated obliquely 
inwards. 

Locality, — Pajaro river, Santa Oruz. 

ARCOPAGIA, Brawn, 

Arcopagia unda, pi. 4, figs. 3 and 4. — Subtriangular ; right valve profoundly ventricose ante- 
riorly ; profoundly sinuous posteriorly, or contracted from beak to beak ; anterior end regularly 
and obtusely rounded ; beaks nearly central ; valves rugose-striate concentrically. 

Locality. — Shore of Santa Barbara county, California. 

This species is described from one imperfect valve, which resembles A. biplicata, Con. It is 
somewhat larger than that species, has a much larger umbo, is less curved, being almost 
straight. In the same rock is a cast of a bivalve resembling a shell I have described under the 
name of Carditamon carinata. There is in the "collection another cast of this shell in lime- 
stone, from Estrella. 

CYCLAS, mem. LUCINA, Lam. 

Cyclas permacra, pi. 7, fig. 4. — Compressed, inequilateral ; concentrically rugose-striate, 
striae distinct and acute. 

Locality.— Sieireb Monica. 

The specimen described is imperfect. It somewhat resembles (7. panduta, Con., (Lucina com- 
pressa, Lee,) but differs in having prominent lines. 

Cyclas estrellana, PI. 6, fig. 6. — Sub-oval, inequilaterally ventricose ; valves extremely 
thick ; surface with concentric lines, probably mere lines of growth on the middle^ but promi- 
nent and robust anteriorly. 

Locality. — Estrella. 

Length, 3|- inches. A broken cast, with a large portion of the shell of the left valve crys- 
tallized, and exhibiting a remarkable thickness over the umbo. 

AROA, lAn. 

Aroa obispoana, pi. 5, fig. 1. — Oblong, or trapezoidal; very inequilateral, ventricose; ribs 
about 26, little prominent, flattened ; sides rectangular with the back ; transversely rugose^ 
or sub-crenulated. 

Locality, — San Luis Obispo valley, California. 

This species has been described from very perfect casts in an argillaceous gray marl. 
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PACHYDESMA, Conrad, 



Pachybesma inezana, pi. 5, figs. 2 and 4. — Triangular, equilateral, convex; anterior and 
posterior margins equally oblique; anterior extremity rounded; posterior extremity acutely 
rounded ; posterior side sub-cuneiform ; cardinal and lateral teetb robust. 

Locality. — Santa Inez mountains, Santa Barbara county, California. 

This species is smaller than P, crassatiUoides, Con.; proportionally shorter, with straighter 
lateral outlines, more robust teeth, and a broader cardinal plate. It is the first fossil species of 
the genus that I have seen. The only recent species inhabits the coast of California. Length, 
3 inches. 

CKASSATELLA, Lam. 

Crassatella collina, PL 6, figs. 1 and 2. — Triangular, inequilateral^ ventricose, thick ; 
anterior and posterior margins very oblique, and nearly equal in slope — the anterior a little 
incurved, the posterior straight or a litt]e sinuous; umbo contracted or laterally compressed and 
triangular; summit prominent ; posterior side cuneiform. 

Locality, — Santa Inez mountains. 

A fragment of one valve, the lower portion wanting. Length, If inch. 

OSTREA, Lin. 

OsTREA SUBJECTA, PI. 2, fig. 3. — Very irregular, valves sometimes subplicated ; cardinal 
area broad and carinated laterally ; cartilg,ge pit but slightly impressed. 

Locality. — Between Santa Clara river and Los Angeles valley, on the Sierra Monica. 

Height, 2 inches. (In plate 2, this fossil is improperly included under the 0. Panzana.) 

OsTREA PANZANA, PL 2, fig. 4. — Ovate, thick, lower valve with a few lateral distant radi- 
ating plicae ; upper valve thick, concentrically undulated and rugose ; hinge area wide and 
carinated on the margins. 

Localities. — Panza and Estrella valleys. 

Height, 2f inches. The hinge of this shell resembles that of the preceding ; and, possibly, 
it may be the old shell of that species, the specimens of which, in the collection, are evidently 
all young shells. At G-aviote pass specimens of 0. panzana occur twice the size of those from 
the above localities. 

DOSINIA, Scojpoli. AZTHEMIS, FoU. 

DosiNiA ALTA, PI. — ., fig, — . — Obtusely subovate or suboval, slightly ventricose; elevated; 
posterior margin curved, profoundly oblique ; base irregularly and profoundly rounded ; 
summits prominent^ acute ; surface marked with numerous fine concentric impressed lines ? 
beaks medial. 

Locality. — Salinas river, Monterey county, California. 

There is but only one cast in the collection ; portions of the shell remaining appear to have 
concentric sulci. It is quite an elevated species, occurring 4 inches in height at HilFs ranch, 
Salinas river. (The illustration of this specimen has been accidentally omitted.) 

DosiNiA LONGULA, PL 7, fig. 2. — Shell regularly ventricose, inequilateral, longitudinally 
oval^ margins and base regularly rounded ; summit prominent ; anterior margin more obtusely 
rounded than the posterior. 

Locality, — Occurs with the preceding. 
25 U 
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Heiglit If inch J length. If inch. A cast with a thin chalky coating of the shell, without a 
trace of external lines. 

DosiNiA MONTANA, PI. 6, fig. 4.— Suboval, inequilateral ; length greater than height; con- 
vex ; anterior margin regularly and obtusely rounded ; posterior margin and base regularly 
rounded ; disk concentrically sulcated ; beaks. 

Locality, — Occurs with the preceding. 

DosiNiA SUBOBLIQUA, PI. 6, fig. 5. — Obtuscly subovatO; slightly oblique, convex ; height 
exceeding the length ; concentrically sulcated. 

Locality .-—Occurs with the preceding. 

With these species of Dosinia occur a small Venus, a Natica, and FecteUy in limestone. 

MYTILUS, Lin. 

Mytilus Inezensis, pi. 8, figs. 2 and 3. — Subovate-oblong ? ventricose anteriorly ; compressed 
posteriorly; ribs radiating, numerous, bifurcated, and trifurcated near the inferior margins. 

Localities, — Santa Inez mountains and Santa Inez river. 

A few fragments of this species present the character of the ribs well defined, but the outline 
of the shell is uncertain. 

LUTRARIA, Lam. 

LuTRARiA TRANSMONTANA, PI. 5, fig. 6. — Longitudinally ovate-triangular, inequilateral, 
thin; anterior end and base regularly rounded; posterior side cuneiform, extremity rounded; 
summits prominent ; surface concentrically indented or subplicated, umbonal region concen- 
trically plicated ; plicae irregular. 

Locality. — Eanch Triumpho, Los Angeles. 

This shell is allied to L, papyria, Con., and is well preserved in a hard, dark-colored lime- 
stone. There is another specimen from the shore between San Luis and Santa Barbara. 

AXINEA, Sow. PECTUNCULUS, Lam. 

AxiNEA Barbarensis, PI. 6, fig. 3.— Subglobose ; equilateral ; ribs about 35, little prominent, 
convex-depressed, interstices narrow, square. 
Locality. — Occurs with the preceding. 
Height IJ inch. 

MACTRA ? 

Mactra? GtAbiotensis, pi. 7, fig. 4. — Triangular, equilateral; anterior extremity acutely 
rounded, posterior extremity subangulated ; umbonal slope carinated, slightly curved. 

Locality. — Gaviote pass. 

A cast about one inch long, associated with a species of Mytilus a,nd Infundibulum Gahiotensis, 
It may belong to the genus Schizodesma, Gray. 

GLYCIMERIS, Lam. PANOPAEA, 3Imand. 

Glycimeris Estrellanus, pi. 7, fig. 5. --Oblong or incjined to be trapezoidal, ventricose, 
very inequilateral, irregularly plicated concentrically, plicae more approximate and profound on 
the umbo, valves profoundly gaping posteriorly, margin obliquely truncated ; ligament margin 
incurved, elevated posteriorly. 

Locality, — Panza and Estrella valleys. 

A cast, allied to Panopaea reflexa, Say ; length 3 inches. 
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PERNA, Lam. 

Perna MONTANA, PI. — , fig. — . — Elevated, anterior margin nearly straight; hinge line 
slightly incurved. 

Locality. — San Buenaventura, Santa Barbara county. 

An imperfect cast, about 4 J inches in height, allied to P. maxillata, of Virginia, from which 
it differs in having a straighter front and incurved cardinal margin. (Not illustrated.) 

UNIVALVES. 

TROCHITA. 

Trochita costellata, pi. 7, fig. 3. — Convex or convex-depressed ; volutions 3J ; suture 
distinct ; surface irregular, and marked by radiating interrupted ribs, which are obsolete or 
wanting above, and distinct, though little prominent, towards the periphery ; apex not central 
and slightly prominent. 

Locality, — Gaviote pass. 

A cast in sandstone. There are two very perfect casts, one more elevated than the other, 
with a less distinct suture and radii. 

TURRITELLA, Lam, 

TuRRiTELLA Inezana, PI. 8, fig. 4. — Subulate, thick ; sides of volutions straight, with an 
obtuse carina on each side of the suture, and contiguous to it. 

Locality, — Santa Inez mountains. 

A large species with the last volution If inch wide. The specimen is an imperfect cast with 
portions of the crystallized shell remaining. There are traces of 2 or 3 revolving lines on one 
of the volutions. 

TuRRiTELLA VARIATA, PI. 8, fig. 5. — Subulate, volutions with straight sides, each with 4 to 
6 revolving prominent ribs, body whorl with a broad furrow revolving above the angle of the 
base. 

Locality, — Santa Inez mountains. 

A variable species ; one specimen of which shows 2 revolving lines on the upper part of each 
whorl distant from 3 equidistant ribs beneath, all nearly or quite equal in size. Others have 
6 unequal equidistant ribs ; but I believe the species is always excavated at base. 

NATICA. 

NaticaInezana,P1. 10, figs. 5and 6.— Subglobose; whorls 5 ; spire prominent ; volutions de- 
pressed or slightly channelled above, scalariform ; umbilicus of ovate-acute outline, patulous 
towards the base. 

Locality, — Santa Inez. 

A large species, abundant, but the specimens are imperfect. Portions of the shell remain on 
the cast, and are crystallized. Height 2J inches. 

MULTIVALVES. 

Balanus Estrellanus, PL 8, fig. 1. — Very large, subconical, not elevated; valves sculptured 
with close, undulated, or very irregular radiating lines. 

Locality, — Estrella. 

Height about 2 inches ; width 2i inches. A single specimen is in the collection, with its ex- 
ternal characters almost obliterated. 



Hosted by V:iOOQ IC 



196 PALEONTOLOGY OF THE SURVEY. 

EOHmODEKM. 

ASTRODAPSIS, Conrad. 

AsTRODAPSis AntisellIj PI. 10, figs. 1 & 2. — Pentangular, suboval; disk with. 5 broad angular 
profound depressions ; ambulacra not greatly curved, open at the marginal extremities ; apex 
central or subcentral, beneath flat, or slightly depressed, with 5 distinct furrows; anus sub- 
marginal. 

Locality . — E st r ella . 

Masses of limestone appear to be composed chiefly of the fragments of this species, and con- 
tain many entire, but apparently water-worn specimens. In this respect it resembles a Miocene 
rock on the Patuxent river, Maryland. Length, If inches. 
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CHAPTEE XXX, 

ORDER OF rOSmOH OF CALIFOENIAN STRATA. 

Unconsolidated, 

Modern alluvium. — Soil of valleys — present river bottoms. 

Ancient alluvium. — Terraces of river beds, raised beaches, deep valley clays, and upper drift ; 
thickness, 400—500 feet. 

Consolidated, 

MIOCENE. 



UPPER. 



A. — Bituminous and foraminiferous beds ; trappean conglomerate ; soft yellow sand- 
stone ; foraminiferous layers ; argillite beds 400 feet. 



[IDDLE. 



B.— -Grits and calcareous sandstones, as at Panza and Santa Margarita 360 ^^ 

C. — San Antonio sandstones, with dosinia, &c 250 



cc 



L Vf E R . 



D. — Q-ypseous and ferruginous sandstones of Santa Inez, Panza, and Gavilan, con- 
taining ostrea, turritella, &c 1,200 ^^ 

Total thickness of Miocene strata 2,211 ^' 

Metamorphic limestones of Gavilan, &c 400 *^ 

Primary schists, gneiss, andtalcose slates o 1,500 " 

Total thickness of strata ^ 4,111 *^ 
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PLATE I. 

Fig. 1.— Section across Monterey county, from the Pacific ocean, at Point Pinos, to San Joacliin 
valley, in a line due east. This includes a section of the Salinas valley and the small 
valley of the canon San Juan. 
a represents the sandstones of Salinas valley, with Dosinia reposing on the serpentine and 
magnesian rocks of Point Pinos. 

c, the serpentine crest of Point Pinos range, lying east of 

d, the orthose granite of that range ; also, the granite of Gavilan. 

&, metamorphic limestone, lying on the east edge of the Salinas valley and underlying the 
whole Canada San Juan. 

e, the alluvial clays and gravels of the Salinas valley, its upper edge worn out so as to afford 

three levels. 
Fig. 2.— Section across San Luis Obispo county, showing the asphaltic group of San Luis 

valley, the structure of the Santa Lucia mountains, and the strata in Santa Margarita 

valley. 
a represents granitic rocks. 
c, serpentine lying at a high angle upon 
t, trappean and augitic rock. 
w show the veins of asphalt passing up through the bituminous group of San Luis Obispo 

valley. 

The Santa Margarita sandstones are shown included in a basin formed by the San Jose and 
Santa Lucia mountains ; these sandstones are inferior to the San Luis group. 

Fig. 3.— Section of the San Antonio hills, near the mission San Miguel, Salinas valley. The 
central axis is felspathic granite, d, upon which the sandstones a, J, J, of the Gavilan 
group repose conformably. On the east side of the range a bed of serpentine, 5, inter- 
venes between the primary rock and the sandstones ; both the latter and the serpentine 
are cut through by dykes of felspathic (augitic) trap. This is the geological position of 
the auriferous region of these hills, a thin bed of talc slate accompanying the serpentine. 
In the bed, c, is found the four species of Dosinia ; this bed, also, has on its lower portions 
the terraces of the Salinas valley, between missions Solidad and San Miguel. 

Fig. 4.— Section across the Santa Margarita valley, from the residence of Don J. d' Esfcrada to 
the granitic hills east of the river. The house is on a low terrace on the west side of the 
valley, the horizontality of which is disturbed by trappean dykes, c, c. The strata, 
marked 6, contain the Ostrea, Einnites and Astrodapsis; f are the whitish-gray sandstones 
with Dosinia; g, brown and yellow sandstones, with gypsum and oxide of iron; and A, 
the coarse breccia conglomerate which lies next the primary, underlies the whole basin, 
and rises again on the opposite side near the summit of Santa Lucia. 
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PLATE II. 



Fig. 1. — Section of the beds marked e, figure i, plate I. These are the most recent beds in the 
valley Santa Margarita. 
a, a, a, the valley level with alluvium. 
A, B, C, the three hills containing the fossiliferous beds^ dipping S. W. ; at b the agatic or 

flinty layers occur 16 inches thick. 
1, Ij 1, calcareous layers of comminuted shell and large shells of Ostrea titan; this is the first 

bed of chapter 5. 
The second bed, B, has at 2 a broken shell bed, with specimens of Ostrea and Hinnites, The 
third bed is represented at (7, where 3 shows the Ostrea and jEfmm^e^bed, and 4 the Ostrea 
and Astrodapsis, with Pecten discus. 
At 5, the upper layer of sandstone, pierced by pholadines, is situated. 
Fig. 2. Section of the Santa Lucia mountains. This section was taken where the Santa Maria 
river canons through to reach Guadalupe Largo. The rock apparent in the axis is 
serpentine, s, 5, which is here made to repose on granitoid rock, although no granite was 
actually observed. The serpentine is cut through by dykes of augitic rock. Conform- 
able to the serpentine on each side is, 1, thick beds of conglomerate, similar to that 
underlying Santa Margarita valley. 2 and 3 are the brown and yellow sandstones of the 
same age with the Gavilan and Salinas valley beds, 
j^ig, 3. — Section of Greater Panza hill ; the lesser hill is similarly constituted. They lie with 
their greatest length N. W. and S.E. ; the upheaving rock, ^, quartzose granite, lying at 
the southern end ; e, brown sandstones similar to those of Santa Barbara ; /, an interval, 
not observed, probably the heavy conglomerate ; 6, c, c?, coarse and fine grits and sand- 
stones with views of gypsum and limonite. 
a 1 represents the beds containing Ostrea^ Pallium and Astrodapsis, &c, 
a 2 is the soft argillite, with casts of Area, 
j"ig. 4, — Outline of Santa Maria valley, with its terraces, from near ranche Cuatro Domingo. 
A, the western slope of the San Jose mountains ; C, the slopes of the Santa Lucia ; B, the 
intervening insular mass of strata, a part of the San Jos6 range, from which it is 
separated by denudation ; D, present valley of the Santa Maria ; E, ancient water bed; 
D 1, present river bottom and first terrace ; 2 and 3, terraces above, the upper one corre- 
sponding to the summit of the central islet and somewhat below the terrace level on the 
Santa Lucia, 4. 
Fig. 5. — Section of the San Jose mountain range, taken from valley San Jose across to Panza 
ranch and valley ; still more to the east lies Panza hill. The axis of this range is the 
felspathic granite with epidote^ g ; uplifting the conglomerate, /, on each side, this bed 
forms the summits of the hill range ; e, green gritty sandstones, fine texture ; c?, coarse 
conglomerate of porphyry and jasper of a reddish tint ; c, brown and yellow sandstones, 
similar to those of Gavilan and Salinas vralley ; h, a bed of green conglomerate made of 
serpentine and quartz pebble ; a, whitish sandstones and layers of arg llite, with gypsum 
remains of Ostrea and Pallium, 
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Figure 5. Alluvium of San Pedro ; h. Unconformable gypseous strata of cretaceous period ; 

c. The conglomerates marked h in section 4 ; c?. Trachyte and red felspar rock ; 

e /. Metamorphic quartz and sandstones ; g. Outline of Sierra Calitro^ with exposed 

edges of yellow sandstone, a layer of limestone on the summit, with a capping of 

trachytic lava. 
Figure 6. Gypseous layers ; a. White marl, soft and friable ; 6. Grreenish aluminous shale ; 

c. Brownish clay, with crystals of gypsum ; dip 4° east. These beds have all been 

denuded. 

PLATE XII. 

Profiles across the district of basin troughs. 
Figure 1. 0. Devonian sandstone of Calitro mountains; S. Upper beds of same; D. Desert 

conglomerate of San Pedro river; L. Carboniferous limestone ; Se, Serpentine, auriferous; 

T. Trap and augitic dykes. 
Figure 2. A P. Trachytic rock ; E P. Felspar porphyry ; F. Felspathic dykes ; La. 

Basalt and trappean lavas ; L. Carboniferous limestone ; S S. Permian sandstones. 
Figure 3. R S. Red sandstone, (Permian ;) S. Whitish grit, (Permian.) The other letters 

are similar to those in sections 1 and 2. In the three profiles, fig. 1, Quaternary 

alluvium ; fig. h, clay beds ; Nos. 2, 3, 4, connect the beds of different sections together. 

PLATE XIII. 

Profile from Burro mountains to Cook's spring. 
Figure 1. A. Amygdaloid and trachyte; C. Sandstone conglomerate, with agatized pebbles; 

F. Felspar rock ; m. Talcose strata ; Q. Opaque quartz, with chalcedonic layers ; 

S. Coarse, yellow, metamorphic sandstone. 
Figure 2. E P. Trachyte and porphyry buttes on the Mimbres; fig 1. Quaternary alluvium; 

R S and S. Red and white Permian sandstones. 
Figure 3. Q. Compact quartz, metamorphic sandstone ; R S and W. Red and white 

sandstones, Permian ; Gr. Trachytic stratified layer, a white clay rock. 
Figure 4. T. Greenstone and trap dykes; P p, Trachytic felspar, and chalcedonic rock. 

Other letters correspond with those in foregoing sections. 

Figures. Plan of ancient beds of Colorado and Gila rivers at their junction, half a mile 

west of the present junction. 

PLATE Xiy. 

Profiles from Cook's spring to the Organ mountains. 

Figure 1. B B B. Dykes and overflows of basalt ; c c c c. Contorted and dislocated Permian 
grits and sandstones ; s s s. Do. unfractured ; P. Felspar porphyry and trachyte ; 
D. Quaternary alluvium of Rio Grande valley. 

Figure 2. D. Quaternary alluvium and detritus; 4. Carboniferous limestone; S S. Overly- 
ing sandstones and grits, Permian ; 0. Axis of Organ mountains — granitic porphyry 
and leptinite ; t. Trap dyke ; x. Veins of argentiferous galena ; Q. Greenish gray 
sand, with silicified wood, cretaceous. This bed is made to appear too vertical in the 
drawing. 

Figure 3. L. Carboniferous limestone, underlying the river at the rapids near El Paso, and 
forming the hills on each bank ; D. Alluvium ; P. Primary granitoid rock. 

Figure 4. B S. Thin band of black shale, 60 feet ; W S R S. Red and white overlying sand- 
stones ; L. Carboniferous limestone ; d. Alluvium ; A. Synclinal axis of valley of 
elevation. 
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